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THE ‘ENGINEER'S RELAT! ON TO 


ADDRESS AT THE ANNUAL CONVENTION AT 
ite CINCINNATI, OHIO, APRIL 22, 1925 
By Rosert ‘Rwweway, * Present, “Am. Soc. C. E. 
application of those laws of Nature 


light by the patient investigations of the scientist 


of 


Engineer’s. ‘Relation to It realizing that 
are not original with me, but have long been 1 in the of others. 
‘The planter was the man of affairs and when he came to town he was shown — 
the deference befitting his standing in the. community. Then, the steam 
eine began to play its important part in ‘the affairs of the nation and among 
other applications made transportation over long distances easier. This was a 
followed by the ‘ “magnetic telegraph” , the result of the good work of Henry 
7 and Morse, ¢ and, ph oe then, one invention has followed another at an increas-| 
a: ing rate up to this time. . We do not often stop to think how recent and how 
new “nearly all: ‘the inventions which contribute so much to our “comfort and 
well: being really are. . Iti is necessary to go back only to the e infancy of those 
| om now w livi ving to realize this. Whe hen I was born, the telegraph was still regarded — 
i as a a marvel and the locomotive was rather. a ‘primitive machine if compared 
with the great engines of to- day. ‘No trans-Atlantic cable had been 
a4 laid. The telephone was unthought of and electric lighting and traction were 
stil the dreams of scientists. Wa ater powers s were largely going to waste 
because, although their potential value was understood, the ‘market the 
‘Power did not exist and methods of harnessing it for the production of hydro- | 
5 mt The average man, then much more than 1 now, was reluctant to accept these a 
“new i ideas, which disturbed his habit of thought and action. We are amused — 7 
"i when we read of the opposition, violent at times, to_ the introduction of i inven- | 
4 tions that later contributed so much to the upbuilding of communities and are .. 
now ‘regarded as commonplace. following extract from “The World 


m of | interest ¢ as illuminating this state of ‘mind: Pi. 


the following ‘resolution passed in by the School Board 
and once” by} Dr. Fosdick: “You are welcome 


=, 


a 


4 
| 
| 
“4 
q | and, as the engineer has contributed so larg¢ 
al 
ings, 
4 
q 
: = 
: 
4 


use the school-house to debate all proper questions in. et ood idem as 
railroads and telegraphs are impossible, and rank infidelity. _ There is nothing 
in the word of God alent them. If God had designed that his intelligent 
ereatures should travel at the frightful speed of fifteen miles an hour by 
steam, He would have foretold it by the mouth of His holy prophets. It is 


a device of Satan to fsasincal the souls al the faithful down to — — 


it in action, I pwn a would enn taken his life in his hands. When one aay 
my ; distinguished predecessors, after his retirement from | the office of Presi 

dens, took up ina serious way ‘the problem of ronautics, there were those 
7 f engineers as well as others, who showed concern for him and wondered whether 
he had taken leave of his senses. se Most people then were content to wait until | 

vere 

- had departed from this world before learning to fly. We are amused 

at these evidences of conservatism, but we must remember that the “mass of 


‘mankind is naturally conservative by nature thus keeping the world within 


otherwise, it would be taking up every ill-digested idea that was 
_ plausibly presented to it. - Most men have neither the time nor the qualifications : 


to rightly ‘analyze ‘every new condition as it develops: and to differentiate 
tween the few ideas that are good and the many that are worthless. How -many 


orn have been lost by investors in patents which were “intended by their 

inventors and claimed by their promoters to revolutionize ‘established methods B 

and which failed to ‘accomplish their purposes because of basic defects? 


or 

Modern man is inclined to take as a matter of course all the many devel- Be se 


opments of scientific research as: soon as they become available, and ‘they 

come at an ever-increasing rate. It is only the thinking man who marvels ~ = 

_ at the wonderful results which are the outcome of patient study by the scientist 


and faithful application by the engineer. It is singular soon “men adapt 
5 themselves. to the changes brought about by new inventions. 2 Most ‘men accept 


“To the average n man even the radio has ceased to be a a ‘nine- e-days wonder 


an aeroplane barely receives passing, notice from He knows nothing 
the pioneer work of Hertz : and has never heard of the | contributions to the 


i art o of flying made by Langley and Chanute under discouraging conditions 
before the ‘Wrights made fiying an accomplished fact. The pure scientist 

has been likened to a dreamer interested in a subject ¢ or investigation for 
itself alone without any definite idea of its practical application. He dis- 


-_ govers the fact and thus enables the engineer to. apply it to a definite and . 
4 useful purpose. i Iti is extremely rare. to find the ure scientist and the applied 
scientist or engineer combined i in ersonality. Times without number the 
His work : in the quiet of the study or the laboratory is not, as a rule, — 
-tacular, and it must be remembered that few scientific truths are discov ered by 
er. 43 “Patient research, toil and the effort of years constitute the denominator 
.° a the fraction which represents the formula of scientific accomplishment and 
| this fraction the numerator looms large with dreams of hope, of success, 
and ¢ of future achievement. Without hope, without vision, and without 


_ former has” not received from the world that recognition | which was his due. 


“success would ever be bey ond attainment. 
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Do myself I have often pictured the world as it might now be if scientific | 


r development I had begun earlier and had progressed at a less feverish rate than | : 


during the Past few generations. When, wn members of the Board o of 


‘could not: ‘help ‘thinking of what ¢ a different, slant our might 
taken if the aboriginal red man had been gifted | with an ‘understanding of. 


to apply that knowledge for the > good of his race. of odd 
should not g give those of the past -eentury ‘the entire credit for 
wonderful developments which have been made, because others were 
_ patiently layi ing t the foundations for them centuries ago and without 1 the good 
“yy vork which they | did 1 we ve would be far behind the | point that has now been at-. 
ained. first steps in progress tend ever toward extravagance. he mar-— 


’ what the energy represented by that falling water meant and had be been able 


at great expense. Our natural resources, as coal, and wild 
life, appeared | to be inexhaustible and shocking waste resulted. Now. 


that - these resources have been depleted, and the exhaustion of some of them 


is in sight, a policy of conservation becomes the order of the day. 


ay. Europe 
“lesson which was forced on the older. countries Tong before it was re realized 
or heeded here. . The world looks to the scientist, to the ‘geile, and to the 
a chemist for | assistance in learning how to make the best use of our remaining 
hey natural wealth. Their problem, however, “goes further. They must point 
vels the way to the utilization of substances and materials are now considered 
‘ist 45 worthless. T heirs is the task of the alchemist. 
Lia 
“Because of. the rapid rate at which improvements are being; made 
the application of one invention always seems “lead to “several 
wonders what is in § store for the next generation. hat 
- awaits those who are now students in college and w: what opportunities for use- a : 
ulness they > will have as a result of the research work which is now going on! 
ae Most of the inventions of the future will probably not be new and basic. , but | 
r 
i” come as an . evolution of those previously made. | “Many will operate toward 
eli or 
the elimination of wasteful methods, making fuel, for instance, doa greater 
“amount, of work per unit. es Some will enter a new field and, as an illustration, _ 
= 
there - may ‘be cited the case of the recent development of the Flettner rotor 


ship which is propelled by the wind, without sails, utilizing the tendency of | 


a rotating cylinder to create a vacuum on one side of the cylinders. It'ti% - ee 


Lig 

been suggested, that: this principle might be applied to the development of a 

opter, with the idea that_ if the experiment were successful 
would have a tendency to revolutionize he whole theory of ‘hieavier- ‘than- “air nS 


7 


been: m profoundly influenced by our wonderful material We have 
a. been: changed from an essentially agricultural people to an industrial nation. 
fe When the first Federal Census was taken in 1790, 0, probably 1 more > than — 
the total ‘popu of about! 4 000 000 was rura 
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Papers. 

lation of 42 520, was the largest, city and New York was second with 33 13 

1920, only 46% of the 113 000 000 inhabitants of Ovatinentel 
PP _ United States was rural and 54% was living in cities or towns of 2500 or 

a. more in inhabitants. Like the advance in applied science, the change from 1 the 

rural to the urban condition has been going on at an ever-increasing rate, ; 

but some of those who have analyzed the figures believe there are signs of a 
7 slowing d down of this rate. The automobile, w with improved highways, the tele- 
phone, and the radio, together with labor- saving farm machinery, with im- 


proved living | conditions | on the farm, have come to make country eo 


curope and the world over show the same tendency, thus indicating that the 


_ fundamental causes are not due alone to the development of a a relatively new 

country, but to the growing substitution of machinery for hand work and. the 

creation of of new conditions of living. The change, however, i is probably veal 

"pronounced in newer ‘countries like our own, 
Sag A few examples” of the recent growth of the leading cities are given in 


80. 1890. 1910, 


ew ait 2 507 414 | 3 487 202 | 4 766 888 620 048 
Chicago, Til. 1 698 575 | 2 185 283 | 2 701 705 
Philadelphia, Pa.... 1 298 697 | 1 549 008 | 1 823 775 
Boston, Mass.......... 560 893 | 670 305 | 
Baltimore, Md 957 558 485 | 733 
Angeles, Calif 3 | 5 | 102479 | 319 198 673 
ew Orleans. La 


: a 39 | 287101 | 339 075 7 219 


fereds The growth o of the cities, however, does not tell the whole ae hn the old 
days, the city 1 was little more than a layout of streets and a a collection of houses. 
‘Business offices and shops were under the same roof or within walking dis- 
~ lay tance of the homes of both employer | and employee. The homes and shops were : 
lighted by candles or lamps. The water supply, i in 1 most cases far from whole- 
_ some, came from wells or town pumps, and cesspools did in part the work of 
soon the 1 modern sewer. . Where paving existed at all, it was rough and generally 


poor repair. Live stock roamed the streets which were cleaned only. 


“i> 


Ca 


te _ The re vilellome between private an and public health were unknown, and the police a 

Power. of the body politic, was as confined to the simple | preservation of the peace. 

‘ove The modern city is a ‘most complicated organism. Its streets and build- 

a ings, are but an expression of the spirit of the city even as a ‘photograph 
a expresses: the character of the individual, but the city itself is more than _ 


B. mere expression. I have often ‘compared. the difference between the 1 on 
| nd the which | ‘its was with ‘difference between 
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‘the 3 modern battleship and ‘the wooden of Nelson's day. ‘The latter 
was ; driven by the winds of heaven, the sails were set and furled, and the 
; anchor was weighed by hand. The battleship of to-day is a bundle of nerves 
and i in its hull is installed the most intricate machinery of many kinds. The 
‘crew knows little ¢ of the things that sailors of old had to > know, but ‘now 
‘includes ‘specialists of many kinds, skilled in the use. of steam and electrical 
‘machinery and the radio, and experts in scientific gunnery and n ‘navigation. 
- Practically all the activities of a large town are represented on the battleship 


‘its its personnel includes opticians, dentists, physicians and surgeons, car-— 


— 
-penters, painters, barbers, tailors, printers, even the ministry is represented. 


Its” officers have been taught and drilled in almost every scierice as. well as 


int the principles of local and international law. 


homes and 1 offices equipped with 


plant. cars and vehicles driven oa 
take the people to and from their homes . Buildings, many stories in — 
- equipped with elevators, have taken the place of the old low-lying build- 
— ings. wd Detached dwellings are rapidly being replaced with apartment houses, 


“each on one sheltering many families. streets well paved and lighted 


_ and are cleaned more often and much better than they were formerly. Probably _ 
7 "there are still as many horses in the streets as there were formerly, yet horse-— 


“drawn n vehicles have been so largely. ‘supplanted by motor trucks of ‘much 


greater: capacity that it seems as if the horse is disappearing, 
-cesspools have been superseded which -auto- 


‘equipment modern city, available for as the 


rich to a far greater extent than ever before. home of the laborer is 


| fitted with comforts and conv eniences that the wealthy man of the past could — 

command because they did ‘not then exist. The general health of the 
people i is better than in the more primitive days of the past. The comforts — 


yesterday. have become the necessities | of to- day and what “were formerly 
d ded as com 


_ The citizen has to pay, of course, for all these ‘modern facilities and this 


ie is brought to mind forcibly by some statistics which r saw recently i in a 


= of the “Gazeteer of the State of New York” published in Albany in 1813. By 
The population | of the ‘City of New York, “according to. the Census of 1810, | 


given as 96 878, including 1 686 slaves. The budget ‘the City for 
gave the receipts as $1 460.38 and ‘the e expenditures as $953 736.04. 


Included in the receipts was” an of $4 969.55 for street “manure. The 


4 authorized budget of the City for 1925 is nearly $400 000 ¢ 000 for an estimated 
Population, of about 6000 000. pin In other words, while the ‘population has: 


62 62 times, the budget has increased nearly 400 times. 1 Ba 
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‘Seldom we to think of the enormous power which has been har- bon 
essed and is available within the confines of a single large city. It cone 
mated t that the potential power transmitted through the water, gas, and steam the 
mains, and the electric power cables, underlying the streets of New York, , is at Stat 
least ‘three times the amount now being generated by all the hydro- electric Ang 

plants. at Niagara Falls on both sides ‘of the river. The capacity of the central the 

a electric | generating plants" in New York alone is about 3 000 000 h.p p. 2s, have — feat 
informed that the condensing water ‘pumped for these plants is eight mac 
tities s the e quantity of water supplied | to ) the city by aqueduets. wi Suit rial 
hogy a material | sense, the modern city is the result of the work which has. wor 
done. by the pure ‘scientist and the engineer. és Without them the city pay 
af could not exist. / To their skill and toil are due the water supply, the sewers, whi 
and the sanitary y conveniences, ‘the paved streets, the transportation facilities 
for local, suburban, and interurban | use, the telephones, the electric lights, and ff is 

“all the other facilities on which a city has come to for its very for 


8 
existence. tha 


‘maintained at so high a ‘standard w ithout ‘the excellent ‘work of the sanitary Na 


crate 


" engineer in co- -operation Ww vith the chemist, the bacteriologist, and with medical ing 


: = research. So it has come about that typhoid and yellow fever have been largely 


eliminated and nearly all communicable diseases have been brought under 


mmunicabl have 
the utilities which so largely affect our modern urban life r require 

~ services of specialists, carefully trained, each in his particular: line of work. 
day of the “Jack of all trades” has passed, because ‘it is: obvious that 


t 
to- day, with a tremendous amount of detail an every line of effort, on 


can no longer be an expert in « every thing and these experts are engincers by 


whatever name ‘they may ‘be called. To think of the long and patient “study: 
w hich has been, and is being, ¢ seg to each o one of these problems, to realize 


@ | 


‘ehnditions, 
7 help of the multitude makes us “feel the athe’ of the debt we owe to. those 
he 10 have labored in the laboratory ‘and the designing room, the office, the 


shop, and the field, to accomplish results we accept complacently. of 

these men are known a the public because their deeds are not of the sen- 

sational character that commands public attention and most of them are 
modest to expect any public commendation for their work. 


change to ‘urban life has affected deeply the customs, the habits, and 
the thoughts of. the people. the simple days during the early life of ‘the 


‘when men lived generally distant from one another, they ¥ were 
individualists, believing with ‘Thomas Jefferson that government Ww 


& 


4 necessary evil: and { that they should get along. with as little of it as possible, 
es depending on their own efforts for success - Modern. concentration | of vast 


numbers of people in cities has led to the organization of industrial corpor- ‘ 
tions. with hundreds and frequently. thousands of employees “working under 


the same roof. Diversities of custom are disappearing. Organizations 
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on class consciousness: the 


condition of particular clas es of More government is ; demanded. 
d steam 


There is a drift toward ps nalism and socialism; a tendency to lean on the 
State or National” “Government for help out of all difficulties ; to lose that 
Anglo- ‘Saxon spirit of independence which formerly prevailed and which was 
the foundation ‘on which | the ‘structure of our national life was: built. The 
fear exists that these tendencies are going too far; that the worker is being as - 
made into a machine and that so much effort is given to developing his mate- — 7 
rial side, tl that ; the moral and the spiritual s sides are forgotten. While city 
workers have’ ‘escaped the hardness of the farm life of the old days, they are — 


roving for the: ease of life in loss of that touch of fundamental things 


proper r balance of “We have boasted that. the percentage ‘of illiteracy 

is much lower in our cities than i in many of the rural districts, but have 
forgotten that education consists not only in the ability to read and 1 write, but 
that its true purpose is the teaching of an understanding of the lessons which 


Nature teaches, tc to a reading of “the sermons in the rocks,” and “ “to the dream- 


ing of dreams of human progress and to ultimate happiness and content: 


oe The price we have paid for the many advantages which life in the great 
cities has given us is a large ¢ one. The > opportunities a and advantages c of urban 

life have not ye - come to ‘compensate _ humanity for the restful quiet of the | 
open country, for the simpile pleasures it affords, and for the spirit of intro- 

- spection which it fosters. Their comforts and luxuries | are to be enjoyed only 

at the expense of a certain softening of character. . The joy of doing is ‘marred 

by the prevalent feeling of unrest, and the ever mounting cost of living in 
Cities is a cause of anxiety to those of moderate means. Ti is becoming i jngtens: 

ingly, expensive to. bring foodstuffs and other supplies into’ large cities, 
—cipally because of the restricted terminal facilities which are, however, in part, 

the result of a narrow or selfish vision of the particular community, . 
Large ¢ cities have come to. stay and will doubtless continue to exist as long = 
z industrial. conditions and human nature remain as they are and as long a 


gregarious man retains the desire to live and aie where other men congre- 
erin, this, the efforts. of e 


improvi ing g the e quality rather than, inhabitants. Many. are 4 
to the it would be better. for being = 
of the human race if the tendency it now displays toward urban life could be = 
checked. J It is a grave question whether the future rapid growth of cities 
should be | encouraged. ot is obvious. that oun cities cannot continue to g grow 
until they include the entire population. _ There must come a time when 
ies grow th will be checked: by the inevitable process of economic: laws, if 
thinking n men do not find some way to check it before that time arrives. Tt 
does, ‘not . conduce to. the ~well- being of the people to have cities become too 


is not sound to have do 80. ~The cost 
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| 

of pro prov vidio: fon them i in adds a great load to an already burden- onlyo 
a some tax not only on themselves but on the other people of the nation. BD 0a are 0 
ont There would be less concern n regarding the present and future condition — that t 

& of our cities if the > standard of gi governmental growth had kept pace with that discon 


the material growth ‘of our. cities, but. it has not. Municipal ‘government 


| in our country still falls far short of being what it should be, , but it 1 is to bl 


the development of the best in Centuries were required to 
‘a develop stable systems of self-government - for States and Nations with their 


populations, while these large cities have existed but a few genera- 


tions and the problems of their government are new. in Then, too, the ard 


ON is complicated by the fact that in our own country, at least, the ‘population 


- lacks social homogeneity. _ The immigrant, because of the sudden change from 
his old standards and conditions a and by reason of his inertia toward a new 
renders the task difficult of solution. ‘The 


problems which confront muni cipal government are staggering in their pro- 
portions. must not lose faith if the many evils of municipal government 


- are not corrected at once. It will require the best efforts of wise and honest 
- men many long years to accomplish this and it is a tribute to those who have” 


thus labored that present conditions are no worse. nz dear 7 


we “OF I believe we are making progress in the right direction. i We find -discour 


~ agement. when, after ¢ going , upward for a time, | we drop back into the e trough 
= the wave, but I believe each trough is higher than the preceding one wed 
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effort on the part of all citizens. To 

effectual and permanent, reforms in the body politic must from 

= of more years than I care to remember, I believe » the reason we are 80 

“except to complain when things go wrong. All such are apparently content 


within and I have faith that they will so come. From an experience in publie 
fy ea far behind is the apathy of the so-called good citizen. Included in this cate- a 
are those engineers who show no interest in affairs of their city” 


tions, to condemn the one who has served them . well instead of the one who 


“public servants is they are likely, because of a lack of knowledge of the a 
deserves - their condemnation. By so doing they work against their own best ; 


hal 
intereste. Because of this apathy, because of lack of knowledge of its own 


affairs, and because of the habit of j jumping at conclusions, the public has the 
reputation of being a hard taskmaster for those on whom it has con-. 
ferred. the responsibility of directing public business. Many are misled by 

= then mouthings of demagogues and do not take the time to reason out the fp par- 
‘ticular thing which may be under discussion. Frequently, investigations are 
made of the conduct of public departments, sometimes for partisan reasons — 


political effect. To those familiar with such matters it is known that 


such investigations a are usually far from being ‘thorough, that they | bring. out 
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RESS OF PRESIDENT ROBERT RIDGWAY ae 
side of the case, and that their conclusions, based on prejudice, 
are often fundamentally in error. _ The inevitable result in such cases = an 


‘6 
that the faithful and honest official, innocent of wrong- doing, i is censured — a ; 


discouraged. His department is disorganized because nc nothing is more demoral- 
izing than a sense of pene done. Every honest man chafes under such 
conditions most. men are But, worst of all, the body politic 


suffers in such a case because whatever faith it may have had, has been 
destroyed. If public opinion was sufficiently alert to demand that all such 


investigations be rigidly thorough a nd impartial we would find ourselves a 
long step in advance. That is the way in | which believe engineers would 


conduct such investigations. _ They would bring reason to bear on t them and — 
‘would assemble and analyze the facts before r reaching a conclusion. “ail 


ill have referred to the part the engineer has play ed in the upbuilding of the 7 
“modern city and of the debt the public owes 


wonderful he has assumed a owes a debe 

in turn. We cannot bring something into being without ; assuming responsi- 

bility for its: proper development and for the use that is made of it. iq After — 

all, works of the engineer’s creation are but the means ‘to an end, not the end 7 
itself. They contribute to the well-being of humanity and man is more than — 7 

a physical being. is Surely, the - engineer has a duty to perform in addition t to 7 

- the development and care of material things, wonderful as they are. I do not 

‘like to think that the “engineer can see > only the steel and masonry structure 7 
he designs and builds. . L hope he has a vision of what it is built for as 
architect of the Middle Ages had of the great cathedral he erected —s that nd a 


others concern over the ‘grave social and political 


front us ‘with those great concentrations of population i in our cities. % How 
may he bel in the working out of these problems? First of all, as ‘a good” 


less fails in his duty. engineer is no 0 longer the pioneer ‘of ‘the early 


days when his work called him to more or less re remote si sections to build canals 7 


abode, there may have been an excuse neglecting his « Civic duties i in those 


- days, but not - in these. There i is no frontier with us ; now | and as the e engineer 7 


“has, generally speaking, acquired a settled residence, he should take part in ss 
the affairs of the > community in which he resides. By this I do not mean that a 


he should. enter polities as that expression is commonly understood. There 


- many ways to help besides that and many are finding the way, serving, as 4 ae 
are now doing, on school boards and other public and quasi- public 


q 
sy boards. to good effect and aiding in the solving of the multitude of nl 


questions which arise. e. There is much civic work of a special nature that the - 


' broad- minded engineer is particularly qualified to assist in doing, such as the 


framing of building codes, zoning regulations, and of legislation affecting the 
sige 
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so not ot enough that he. should understand his own problems. He should 


j + be able to ex} explain them to laymen in language that is 3 understood by them, | 
L Too often, I am afraid, the engineer fails to win approval of the authorities 


OF 01 of the public to a sound and nm meritorious. proposition because he lacks the 
ability to translate his own sound thoughts ‘into language that others who 


--- Do not let me be understood as claiming that engineers are superhuman 
_ beings, that they are made of better clay than others, — or that they alone are 

— responsible for all the good that has been accomplished. _ Like the rest of | man- 


_ kind they : are not infallible. [- Others have been and are doing their duty to the 


- _ world in their respective lines of endeavor; but it must be remembered that - 
engineer is trained to deal with fundamental things. He accustomed whi 


delve for the truth and to reject that which is unsound. Unless there is ‘cha 
ed foundation of truth in a proposition he will instinctively oppose it. . Habit of « 
* thought inclines him to reason a thing out from cause to effect. iy Popular’ «Wit 
_ clamor and newspaper headlines do not sway judgment. He is trained 
to look broadly and not parochially. on all propositions involving the applica 


Dr 

tion of natural laws. Artificial political barriers do not appeal - to him as” ‘Dr. 

they do to those who consider all things superficially, because he recogniz es ic 

Net ‘the laws of Nature operate in the same way on each side of every State, abil 

National, or other political boundary. Lista: do ote ban = 

one For the engineer to bring these qualities to the public service he must in 

his civic associations be something more than the mere technician. I believe a 

engineer recognizes more than other citizens, and by force of example, 

a precept, and by teaching, he must show all men, that the days. of waste are ae 

and the era of ‘conservation has begun. With the waste must go all | 

petty and partisan politics: with -called “Jog-rolling” and in its stead must 

be substituted constructive st statesmanship to go hand in hand with the prin: - 

ciples of conservation. © If we are to live up to the ideals.of our institutions Bey 

our legislators must be leaders rather than followers. It has often been said | 5 i 


foreign critic said seme time ago that we have more laws than all the o = 


countries of the world combined and that we are the most lawless of all people 
ts 8 there not force i in this criticism? Why should not engineers join with other | / 

~ good. citizens to correct some of the evils of the body politic we all recognize 
and which are due largely to the apathy of our people? The engineer can «hee 
bea a good citizen without losing his value as a technical man. He yiek isto 


‘none in respect and affection for the institutions of his country. His patriot 4 a 


that America is law- ridden and thi that its people have lost respect for its laws. aa 


= ism was shown by his work in the Wo rid War and in many other wa, ways. abi 

Through | active participation in civic affairs his vision would be = 

and the criticism that has so often been made as to the narrow outlook of oe - 
engineer on the affairs of t ne world would soon fall of its own weight. i. 


aa i As we read day after day the sensational matter that is called news and — 
listen to the harangues of the popular orator and self- constituted regulators 
of the. world w we wonder if they represent the of the 
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- discouraged as to the future of our institutions and ¢ even of civilization itself. 
Faith and courage will return ‘if we realize that these are but manifestations 


a small and vicious minority who bask in the sunshine of publicity. The 


— great: mass of all thinking men do their work quietly and without ostentation 


"wherever right and duty call. ib industrial plants, railroads, public works, 


| schools 


men are doing the ‘real constructive work of humanity ‘and. of: civilization. 
W ith 2 ‘an instinctive reliance on and faith in the integrity of human nature, 7 


and believing in the permanency of those institutions of man which make for 
the advancement of know ledge and good of the world, they make their daily 


a sacrifice to to duty. They a are representative of ‘that ‘divine force of progress 7 
which is irresistible in action because it is based on truth, on reason, and on 


character. . Cannot some way be fou ind to employ this force in the interest 


of civie betterment ¢ ¢ these workers are of of the company of the engineer. 


fe W ith him they must adv ance to: Ww ider fields of greater effort, of an gre eater promise > 


? 


and. of. even greater s service, 


the Centenary Celebration of the founding of The Franklin Institute, 


Dr. Arthur D. Little d delivere ds an address on “The Fifth Estate” which he 
described a as being ‘ ‘composed. of those having ‘the i ‘simplicity to wonder, the e: 


‘bility to question, the power to generalize, the capacity to ‘apply. in 


short, the company of thinkers, workers, expounders and practitioners 


which th the world is abs solutely ‘dependent for the preservation and advancement 
of that organized knowledge which | we -eall Science.’ ” While those who live’ 
in this’ estate may have the capacity to to apply, we see it demonstrated d on every 
hand | that “they have failed to make use of their goes out 
to those having the capacity to do, have 

of you who have not read Dr. Little’s 


beautiful simplicity of its | s language, I would. it, and I you j 
read it ‘once, you will read it again. from it further: 


ie he e see, in the ranks of science, ee ledge without power, and, in politics, — 


power without knowledge. An electorate, which regards itself as free, listens 
to the broadeast noise of manufactured demonstrations and is blind to the — 
“obvious mechanics of synthetic bedlam. The result is too often government | _ 
¢ by gullibility, propaganda, . eatchwords, and slogans, instead of government by 
aw based on facts, principles, intelligence and “good- will. 


‘Thus, contrasting the difference between ability and accomplishment, eng engi 


"neers and men of ‘Scientific attainment “must needs take to themselves the 


~ lesson - that definite results obtained are a a truer measure of the 1 man than mere 


theoretic: al ability. The world will ev ‘ever measure performance. To 


ability undemonstrated i is synonymous with non- -existence. 


Thanks to the wisdom of our forefathers, foundations on which 
country’ s institutions rest are broad an nd deep. Incorporated in the design 


ere high ideals and the superstructure was raised in fidelity and in fait h. 


The task of its maintenance is that of each succeeding generation. As in 
= case of all structures built by man, repairs, renewals, and additions are Bs 


y 


Beoessary, b but do not call for destruction of the original fabric. skeleton 
the s structure be maintained intact. The larger duty the technical 


_ 
‘apers, . 
hould 7 
them. 
<s the 
{ hs tig q 
4 
— 
— 
n said 3 
3 laws. 
other 
neople. 
cope. 
other 
ognize 
can 
Jds to — 
s to — 
W — 
vs and — 
nlators 
rad 
yecome 


OF 
man -ealls him to this task. To the task he brings special qualifications. As 


a practical idealist his patriotism and civic , spirit should be manifested not by. 


a waving of flags and by boasts of superiority to others, but by searching out 
"the defects in our present make- -up and then by aiding others to raise the 


standards of civic ‘affairs i in rthe s same deliberate and constructive way in 1 which 


he designs and builds his physical engineering structures for the use loa 
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fore, peculiarly well suited for industrial uses, and contains, in addition, some 


eastern States, a a water unusually free of dissolved solids and, -there- 


Bi The - supply is derived from the Chattahoochee River, : a Cherokee Indian 


“name meaning the “Chatter”, or “Hooting of the Owl”. Its source is on . the 
_ astern, slopes of 1 the Blue Ridge Mountains, at elevations ranging from 3.000 = 


“to 4000 ft., and it flows in a s southwesterly - direction, through a basin singularly 


‘The supply works consist of a 48-in. intake conduit, a steam- operated river 


"pumping: station, having a capacity, of 106 000 000 gal. per day, pumping 
dest 6. a maximum head of 275 ft., including friction, through three parallel 
conduits, 30, 36, and 48 in. in diameter, respectively, each approximately 18 500 


ft. long, into two ) raw water or settling basins, having a combined capacity of 

gue rom ee raw water basins, the water flows by gravity through | a battery ot 


five coagulating basins, having ¢ a combined capacity of 18 000 000 ) gal. and then 


installation, is of the pressure > type, containing 48 wie, 19 vertical and 36° 
horizontal, having a a total rated capacity of 21 000 000 gal. daily, and the other, 7 

just completed, a . plant of equal rating of the reinforced concrete gravity type, 

having 7 7 units, making a total combined rated 1 capacity of 42 000 000 gal. daily. oy %F 
tue From the filtration plants, the water passes through a 60-in. ‘conduit, to a -_ 
“new reinforced concrete ‘covered reservoir, of 10 000 000 gal. capacity, which is 
“cross- -connected to a steam- “operated high-service ‘pumping station, having 
rated capacity. of 105 000 000 gal. per day, delivering water direct to the dis-_ - -—- 


system against a maximum head of 100 to 120 Ib. wld lato 


Toy 
Bev. 
‘siphons of the x raw water conduit, either tunnel or aqueduct; 


“flexible operation of the raw water conduits, 1 raw ° water basins, ete. ; a new, 


open-gallery type Sitendion plant and appurtenances, and a new tesorvoin. and 


10, at the “meeting: of the or Division, Atlanta, Ga., 
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— part 
ty ypes of filter is worthy of comment. == top 
wok The problem of keeping pace with increasing demands, due to the rapidly. oe 

wes the 
growing opulation and ‘industrial, “commercial, and ‘municipal consumers, 
while maintaining service, is being accomplished without interruption 

he purpose of this paper is to describe briefly the and development Bas 


‘Atlante? -municipally, owned water utility which, because of its 


and certain unusual features of design | and operation, ‘seems worthy of atten- | ‘Sa 

, and also_ to stimulate renewed in ‘the broad field of water” ep 
treatment. This subject of increasing importance, particularly in | 


section of the United States which, due to. ‘its equable climate, 188 


wealth of raw materials, wonderful agricultural, possibilities, and growing 
economic ‘advantages, is gradually assuming supremacy in many fields, includ- 
ing the textile industry, and where n numerous other classes of manufacturers _ _ 
and commercial concerns a are prospecting for locations. vol bern oF typ 

extent of domestic and industrial use of public water supplies inthe 


‘United States was the subject of a recent investigation by the United States | 
: Department of the Interior, and the result of this “study is set forth in a 


paper entitled “Utility of Public Water Supplies in the United States”,* which 

publication i is a most valuable addition to water supply data. This paper 

to emphasize the » value of water free of minerals especially i in industrial lines, a pe 

boiler plants, and “the manufacture of soft drinks, bakery products, 

and other foods.” As Atlanta is the e “birthplace” of pro ably the most 

_ known ‘ ‘soft drink” manufactured to-day, the significance of this statement is - 

It is, needless to emphasize the importance of a high sanitary 

a quality for pablié water supplies, or to review the decrease in “typhoid toll” = ow 

due to advance in the science of water treatment. It is ‘worthy of note, how- 

ever, that: the growing and more exacting demands of the consumer of to-day fF ap 

. is for water not only free of suspended matter and polluting ; organisms, but 7 a 

also one more acceptable from the standpoint of mineral content. Wi 

The distribution of “hard? and “alkali” > waters of various degrees es of hard- 

ness throughout the country is general, occurring in twenty-seven ‘States, 

probably 75 to 80% of the total ‘area of the ‘United States. The 

localities “providing. -called “soft water” confined to nineteen States 

as located in three groups, situated in ‘the Northwest, Northeast, and Southeas st, 0 
respectively, with the last predominating in area. Georgia occupies the 


geographical ‘center of this latter area. That it part of those States in the South- 
east above the coastal plain: obtain their sv supplies principally from the 
— slopes of the Blue Ridge and Appalachian Mountain Ranges, 


Supply Paper No. 496, U. S. survey. 
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and Atlanta’ 8 supply ra ranks foremost in size and sdiannianie r of development in a 


to is not intended to: rey lew detail or to describe, except briefly, those 
parts of the utility which are commonplace, but it is the desire of the writer 


to view the problem and to ‘describe parts of 


_ The end history of Atlanta’s water utility originated in 1872, when the first E.. 


W ater Commission of the « city contr ‘acted for the construction of a water supply | 


on the head- -waters of a stream having its source within the city | limits, flowing © - 


ina southeasterly direction, and being a tributary of the > Altamaha a_i 
Basin, v with its outlet in the Atlantic Ocean. 


supply consisted of an impounding ‘reservoir on the head- waters 
‘South River, about 3 miles south | of the center of the city, « of 250 000 000 gal. 


“capacity, cov overing an area of 51 acres, with a drainage : area of approximately _ 
sq. miles. The water from this supply was originally untreated, ‘but, about 


1886- 87, Hy att pressure type filters installed (probably ‘one of the first 


"pressure ty pe installations in the United States), from. which the water was 
“collected. in a clear- -water basin having ¢ a capacity of 800 ( 000 gal. and then 


Reads direct to the | distribution system by steam- driven ‘Holly quadruplex 
type: pumps, one of 2.000 000 and the other of 4 000 000 gal. daily. capacity. fib 


This supply, first: water from which was pumped the mains on 
September 8, 1875, was "supplemented in 1884 by an Artesian well, loc ated 
in the. center of the city, which was drilled through about 2000 ft. of granite, rs 

bed-rocks of Atlanta. This well produced : a limited 


of water from ‘four veins, 102, 925, 450, and 1160 below the surface, 

- _ Records. of water used daily and annually prior to 1888 are very 1 meager, but 

~ the total quantity pumped from South River during that year was 629 | 000 000 ~ 
gal, ‘supplemented by 10 500 000 gal. from the Artesian well supply, which 

latter quantity represented the total av ailable- from this source. is inter- 

to note t that all domestic. consumers were metered in 1888, and that a 

uniform charge of 17 cents per 1 000 gal. was made. 

o on As a part of the ‘drainage area of South River was within the city limits, 
and as as unusual growth of the | city began between 1880! and 1890, it was soon Be 

obvious tl that South River water, although originally of unusually good quality, 

» becoming grossly polluted. In ¢ addition, the supply available from this 
Stream, with its limited drainage : area, was 1 not adequate. to meet. the 
j Increasing demands made upon it. It, necessary to 


and more ample supply. 


0. E, to make surveys, , and report. on a new su Mr. 
“Hering’s report submitted under date of October 15, 1889, recommended the 


f development of a supply from the Chattahoochee River. This stream has a 
drainage area of about 1500 sq. miles with its head-waters in the Blue Ridge 


of Nor ‘th Georgia. It is a tributary of the 
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Bale and flows in a southwesterly direction into the Gulf o of 1 ‘Mexico, which 
course brings it, at its nearest point, Ww ithin about 64 ‘miles northwest of the 
center of the city. This stream, although carrying large percentages “of 

turbidity during certain periods and nearly always highly colored with clay 

and silt, was. of splendid quality, with only nominal pollution and with a 


chemical sis indicating a water almost of mineral tb 
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cS = The topography of Atlanta is peculiar and interesting. It consists of a “| 


ridges averaging 950 to 1 000 te. ‘above sca “level, that divide 
drainage of streams flowing either into’ the Atlantic Ocean or ‘the Gulf of 


Mexico. This i is an advantage from a s sanitary standpoint, but the deep valleys 


and high ridges naturally affect the } pumping problem and add to the cost. 


“a Mr. Hering recommended the construction of a pumping ‘station ot on . Chat- 


_ tahoochee River, with an i intake > at the point at which it is. at present located, 


4 just above ‘the confluence of Peachtree Creek, as. this latter stream drained la 
large part of the area within ‘the city limits, and the construction of raw 
water storage reservoirs, treatment. plant, and a high-service pumping station 


about half way between the river and the center of the city. _ The point « on the 
river selected was: s about 300° in elevation than the 


provide pressures. Table 2 2 the: elevation of points in city, 
dy 


_ Low water, Chattahoochee River, at mouth of Peachtree Creek... 758 


High levels in city 


Ordinary level of domestic sienna 


_ Fire-pressure level 


The wisdom of selecting the Chattahoochee River as the ‘source 0 of 
ultimate and final su supply for . Atlanta has been proved. The character of the 


; region at its source, consisting of unpopulated mountain “ranges between 3 000 
and 4.000 ft. above sea level, with unusually annual rainfall, and the 
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fact that it flows through a a sparsely settled area ant drains practically no no towns” - 

or cities of size, combined with the excellent chémical quality of its water, are - 
7 ‘Fig. 1 shows the drainage area of the Chattahoochee River at the intake. tk 

po be noted o- no lar ge towns are in its basin. _ The diagram . also shows the 


be RIGINAL Prant 


700 ft. long 
an earth dike to prevent “flood ‘overflows. Steam- -driven | 
cre compound pumps, operated against ; a suction lift of about 16 ft , delivered the 
a water through a 30-ir “in. cast- iron main, — about 18 500 ft. _ long, to an ae 
raw W reservoir of 177 000 gal. constructed i in cut and 
soft toa gras of horizontal pressure ty] pe filters, sap rated as closed g¢: 
Ss 


well. The ¢ total loss of head between high- -water level i in the ‘raw water reser- 
voirs and the high-water line in the clear water well w was 40 ft. . From there, the 
water was conducted to the high- -pressure ‘pumping station known as the 
‘Hemphill Avenue Station. The reservoirs, coagulating basins, filter plant, rand 
‘pumping station were located on the main line of the Southern Railway about 
three miles northwest of the center of the city. 1 This" station was similar 
type, design, | equipment, to the South River Station. at 
is interesting to note that the old Hyatt filters, in 
i were of the vertical pressure type, were removed from the South River Station — 
and installed, ‘and operated in parallel, with the horizontal filters at the new 
Between 1893 and 1990, this plant was expanded along the lines ‘of the 
_ original - development and, in 1920, the pumping | equipment at the Chatta- 
-hoochee River Station consisted of two 10000 000- -gal. Holly h 
pound “pumps, one 18 000 000- -gal. Holly horizontal compound pump, one 
10 000 000-gal. Worthington motor-driven centrifugal pump, and one 28 000 000-. 


eal. Del aval pump, the last installed in 


with an average operating he head of 30 ft., and thence to an oneal clear water 


| 


86-5 -in. cast-iron 1 main, 1, delivering water against a a head of 260 to 290 ft, , includ- - 
p ing friction, to two raw water reservoirs with capacities of 177 000 000 gal. a and 
216 000 1 000 gal., respectively. pire es ad ‘erent 


‘The treatment plant consisted of five coagulating basins having acom- 


‘ined volumetric capacity of about 18 000 000 gal., and the filter plant con- 
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_— thirty- -six horizontal tyy pe pressure units of 500000 gal. daily capac ity 

ra “each, and twelve Hyatt vertical type pressure units with rated daily capacities 
a 250 000 gal. each, making a total combined ‘rated capacity of 21 000 000 gal. 

daily, discharging into two circular, open- 1-type, clear water wells having ‘a com- 

bined available capacity of 2 000 000 gal. om 
"to file Hemphill Avenue, or High- Service, Station, contained t two 10 } 000 000, 
and one 15 000 000- -gal. hoviseutel compound pu pumps, one 20 000 000-gal. - vertical 


= expansion pump, and one 30 000 000-gal. DeLaval turbo-centrifugal pump 


A brief. résumé of the demands of service and the ‘capacities of several of 


- he elements composing t! the plant i in 1920 should aid i in a clear understanding 


of the major problems that confronted the city, at ‘that time. ‘These are shown 


Maximum rate of consumption (1920) 40 000 000 
Maximum capacity of supply mains from river (192 va? eg 000 000 alt 


Rated filter capacity (1920)...... 000 000 


os In addition ‘the fact ‘that parts of the wofully “inadequate 


in ‘size and ; arrangement to meet existing demands, much of the equipment 


_had reached the end of its useful life, or was inefficient and obsolete. 7) 


ian In 19: 20 , the City of Atlanta authorized ‘complete ‘surveys and | investigay 


tions to determine the necessary improvements and extensions to the water 
supply of the city. This investigation included study of the river hye 
4h 4 pumping g station at Chattahoochee River, supply m mains between the riv er and 


recommendations were re made, which b briefly were as an % 
—Construetion of an impounding dam, new intake, and pumping ‘sta- 
4 tion to supplement the existing intake and station. 9p 


— @). —Remodeling ¢ of the Chattahoochee Ri River § r Station, including a additions 
oa and changes in the boiler plant, remodeling | of steam headers, new ‘chimney, — 


yy installation of new and efficient pumps, and the re-arrangement of | suction, e 


 (e) —New raw ; water supply m main 1 from the River Station to the raw raw water” 


reservoirs, paralleling the existing 30 and 36-in. mains. tie 
-—hnstallation of gate- -house and _cross- connection, controlling and 
making 1 more flexible the operation of the raw water reservoirs. ponies 
nde (e). —Construction of a mixing chamber and a new chemical hc house e for 


_ the proper | treatment of water prior to coagulation and filtration, 
ar 
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WATER SUPPLY PROBLEMS OF ATLANTA, 


“than the old r reservoirs to 0 reduce cost ‘pumpage, and the of 

old clear water. reservoirs, except for use in emergencies. 


(9). —Remodeling of the Hemphill Avenue, or High- Service, Station, in- 


cluding | changes in boiler plant, new chimney, remodeling of steam headers, 
and the installation of new and efficient p pumping equipment, and re- arrange: 


ment of ‘suction and discharge li lines. 


" investigation of the physical plant and operating costs and records, supple- 


"mented by studies of population, pumpage, rates, and forecasts 


of future demands. (See Figs. 2, 8, and 4). 
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although the demands water 
t, the sanitary qq quali ty y of the treated water furnished 
‘the consumers had remained, with few exceptions, at a 2 high average. ‘Red 
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DIAGRAM SHOWING RATIO OF 
AVERAGE DAILY WATER CONSUMPTION 
EACH MONTH 
AVERAGE DAILY WATER CONSUMPTION 
YEARS 1920 AND 1921 
Pumping Station No. 2 (Hemphill Ave ) 


Percenta 


ire 


FUTURE PUMPING REQUIREMENTS : 


1922 212 500 


1925 281 250 


50, 55 


Allowance for Leakage, Evaporation, Etc. 
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WATER- SUPPLY F PROBLEMS or ATLANTA, GA. 
or colored water, however, was becoming more frequent, and it was: “obvious 


that the intake facilities, raw water pumping ‘plant, 1 raw w water supply mains, 


-filtration and coagulating facilities, ‘filter plant, clear water storage 


: had reached ‘their ultimate capacities, and that ‘the high-pressure pumping g 
“station needed early attention. A break- down at any one or ‘more points would 


have e precipitated a a wate r shortage with disastrous results. 
a, he preliminary ‘cost estimates of the proposed improvements approximated 
: = $4 600 000, which included an item of $150 000 for the extension of mains 


within | the city. _ Due to the customary impecunious condition of municipal, 
_ treasuries, | and the the crying needs of other « city departments, the amount pro- | 
vided for ‘these w -water- -works improvements was only $3100 000, which 
— $250 000 was to be provided by a a special tax ; assessment and $2 850 000 by a 


All these. , funds, except about $100 000, w w ere: made available in November, 
1921, and in ‘January, 1922, the actual construction work began. With the 


exception of certain items of the improvements that are not yet under con- 


str uction, » due t to > delays an and the | failure to ) provide funds, sev several of the major 
improvements are either completed ‘and are in operation, or be within 


| 


New Intake and Impounding Dam- —The present intake 1 consists 


*j of one line of 48-in. cast- -iron pipe - terminating in a brick pier, with ir 


: grating i inlets, , located in the b bed of the river, ‘is not submerged completely. 
at all ; periods, as low- water conditions often | partly un uncover it. . The normal 


water level of the ‘stream has been raised by constructing a rip- “rap a and a 


= dam, but due to increasing demands, it is extremely important that, new 


intake | works. be provided cat the ea earliest possible date. ‘The present intake 


improvement. However, within 2 miles” up stream, there are “several ‘ideal 
locations for the new intake works. When the new intake is constructed, ‘the 


City will also build a an impounding provide necessary storage to meet 
future requirements during _low- water and heavy draft. periods. The: Chat- 


tahoochee River, due to its mountain source and the of its” 
4 basin and run- off, has wide fluctuations of flow. - This variation is further 

complicated by. a hydro- electric plant about ‘11 miles up stream, which 
at night and discharges through: its water- or-wheels during day- 
ight hours. These factors emphasize the necessity for an impounding dam. 
The created. by this dam will reduce the pumping lift provide 
hydraulic power which will be utilized by the City for p pumping, thus reducing | 
_ operating costs. _ The construction of the new dam and intake, w with ‘eonnec- 
“tions to the ‘Chattahoochee River Station, has been. by. negotiations 
‘between the City and riparian owners and the usual lethargy of municipalities 


in providing the ne necessary funds. Aig 


= «Tt is proper to » state here that the selection of the original intake and pump 


d by considerations of ec 


5 es 7 into ‘the 1 river just below the intake, cand i is otherwise not susceptible « of “much 
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The fact remains, however, that the present arrangement and 
design preclude additional expa expansion along good er engineering lines. The loca: 
nping § tion of the pumping. station about 25 ft. below the flood-plain of the river, thus 


vains, 


would requiring the maintenance of dikes and emergency attention to prevent —— 

a through the intake well at. high- water periods, ‘supplemented by the fact that 

mated the sole dependency for supply is on. one single inlet ‘separated from dhe 

mains pumping station: by an intervening’ stream, is a condition requiring prompt q 
pro- Remodeling Chattahoochee: Station and Appurtenances.—To provide capac: 
which ities, economies, and flexibility, : and, at the ‘same time, maintain service, it 4 
| by: a was found necessary to make radical alterations and extensions and additions 


to the Chattahoochee: ‘Station. These improvements consist of a new ‘radial 


mber, Bobrick chimney, changes and additions to the boiler plant, re-arrangement. 


steam headers, ‘abandonment and removal of the two 10000 000- -gal. pumps 


— _ and the one 10 000 000-gal. motor-driven unit, installation of efficient — 
renal units, remodeling of. suction and discharge lines” and and recon- 
struction of the interior of the pumping station. 5 dt wilt faq 
oh ractically all this’ work has been accomplished | without. of 
service, and the present equipment of the’ ‘Chattahoochee Station consists of 4 
1 iron _ One boiler plant, having ar rated c capacity of 1 850 h. p. a 
sletely 18 000 000- gal. compound condensing Holly unit 
One 28 000 000-gal. DeLaval turbo- centrifugal unit (installed in 1919). 
and 4 ‘Two 30 000 0000-gal. turbo- -centrifug gal units (installed 
All the pumps lift from the open ‘suction wvell a and discharge 
flows ‘a new 48-in. header, or directly into the raw water supply. mains. 
The two 30000 000- gal. turbo-centrifugal units were purchased in “compe- 
idea 


tition with 15 000 000-gal. turbo- -centrifugals and reciprocating units. The 
d, the on Chattahoochee Station is constant and susceptible of little ‘variation, 


meet consequently, the use of smaller units represented no The guar- 
Chat- anties: made by the successful bidder were based on ‘the use of steam at 15 
of its 190 Ib. pressure, with 100° superheat, and areas follows: 


in- 110% load. .. .. 400 000 ft-lb. per, 1000 lb. of steam 


, dam. tite T5%,, load. 4151 000 000 ao” git bie 
rovide load... 126 900000... lo “bb af 
lucing were compet in ‘the Duty tests were made on 
onnec- 


ations 


—— 
— 
me 
| 
yh 
— 
= 
— 
— 
4 
tests’ they have‘met or exceeded their guaranties and are notable examples 
recent development in this type of equipment. 
Ps | he re-arrangement’ of the suction and discharge lines provides ample . : 
pump: facilities for flexible operation and increased demands. These lines ‘are 
and ‘arranged with’ the idea of preventing interruptions of service from. accidents 
| and other emergencies. In addition, the station is provided: with indicating — 5 


and recording instruments 

att The present inta intake facilities have not been because 


‘the arrangement and | physical location are poorly y suited for further: develop-- 


é ment. The capacity of the 48-i -in. -east- iron intake is limited by its size and 

the head of water over its inlet, which head, as previously stated, varies not 

only during’ ‘the wet and dry | seasons, but fluctuates daily and hourly due, to 

the existence of the hydro- electric plant of the Georgia Railway and Power 


pe Company at Morgan ‘Falls, several miles: up stream, which stores the water at 


“ett The problem of increasing the water level over the intake is ‘complicated 
by the existence of a shifting sand-b: bar, or island, in mid-stream, known as 
Island, just opposite the -works plant. In years past, the 
elevation of the water over the inlet of the intake has been increased by the 
construction of a rip-rap dam between the east bank of the stream and the 
Island, and a pile dam with -Tock- fill, between the north ‘point of the Island 
and the west bank of the stream. During 19924, additional rip- will, be 
added to the existing dams to increase the water level, but this will provide 
‘only temporary relief, as it will be necessary to supplement this intake by | 


construction of ar another on ne which | will be located ted up stream a 


-Iron Water —The necessity for new raw w 


ray. 


-iron mains. Detail “surveys: of and available routes and 
of the future demands showed the advisability of installing an additional raw 


water main not less -in. .in diameter, along the same route as 


existing mains: from the ‘Chattahoochee Station to the Taw- -water reserv 
‘Af ter. receiving competitive bids on steel, reinforeed concrete, cast ast- 


= "iron conduits, the last was selected. ‘The conduit, was constructed in sections 


and placed i in operation as each section was completed. It is now finished and 


in operation. Construction of tl this line. was somewhat complicated and delayed - 


electric railways. Inverted used under two ‘the 
one siphon’ crossing eleven tracks: and the other nine. The problem of main- 


‘taining water- tight conduits perplexing and constituted a perpetual 
hazard with an economic Joss due to. constant leakage and occasional breaks. 


Py 


| 


‘open’ cut or tunnels, and overhead crossings, 
existence of previdus contracts between the. and the Railroad Com- 


pany > which 1 required the Railroad ‘Company. to pay for maintenance. | Eve 
tually, new and equitable « contracts were executed; and the remaining portion 


the new 48-i -in. ‘main, between. the Chattahoochee River and the raw water 

reservoirs, is now complete. i Fig. ~ is a _view of the ‘pipe gantry used in lay- 
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"The delay in the completion o lese railroad crossings was due to a long 
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of tive ‘in ore interesting details. of this main include the construe- 


¥ tion of a differential surge tank at the high point on the line, wi h i individual 


connections to the 30, 36, ‘and 48- in. mains; and the elimination of one of 


“the inverted of both the existing 2 and 1 new mains the construction 


new main is also cross-connected with the 380 and 36-i -in. mains at 


intermediate points with numerous fittings and gate- -valves, which 
= mit economical repairs with a minimum loss of time and alao provide flexi- - 


Ga te- -House Cross- Connections, Raw Water Reservoirs. —Previous 


to 1921, the physical connection between the Taw water conduits and the two 


raw water reservoirs was very limited. To provide flexible operation of the © 


two basins and also permit the lowering of the level of one or both without — 
undue delay, ew cross-connections with a centrally controlled _gate- 
planned. This was all the more necessary in view of the increased 


“Capacities that were provided | by the installation of the new 48-i “in, 
designed and constructed, the gate-house located between the two reser- 
receives the water. from the three raw water conduits through t 

struction.. This well is. cross- connected. by a a nated ‘iron 1 pipe conduit 60 
in diameter to the raw water reservoirs, the invert of which is below. 
normal |} high- water surface of the basins. _ ti 

din ‘The raw -water inlets and the outlets to the two reservoirs are controlled 
by two -in. and two 60-in. sluice- “gates, electrically operated, with hand-whee eel 
= emergency, all of whieh. is housed in a substantial ‘brick 


kk 


roirs. 


layed Chamber and New Chemical H ouse.— —The pre- eaten processes 
of water treatment have grown in importance and magnitude in recent. years. 
ads, More extensive and detail operating records, supplemented by technical data 
nain- obtained from numerous tests and investigations stimulated by various agen-- 


cies, have emphasized the necessity for scientific and comprehensive 
methods of preparing the water for filtration: unt 


Jong 3 Chattahoochee Ri iver carries variable sometimes, large quantities 
ts of = 2 of suspended matter so finely divided that it will not settle even after.a long — q 
| period. It i is to treat 1 the 1 water with coagulant, which 


process generally consists of injecting a solution of. aluminum sulfate 
¥ which due to the normal alkalinity of the water produces the usual flocculent 


‘Precipitate a and deposition of. the ‘suspended matter. Good coagulation cannot : 
always be obtained by the use of this chemical alone, as chemical and — _ 4 


facilitates ‘the removal of ‘this finely divided material in coagulating basins. 


l 
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due to heavy rainfalls, the edequate formation of the floceulent 
9 precipitate and, consequently, the delivery of unclarified water, to the filters. 
In many instances these. changes | take place rapidly. The ‘effect of. these 
changes « are of more importance particularly in water similar to that of the 


Chattahoochee River, containing a small quantity a dissolved aolida, 
fe These varying factors affecting the Chattahoochee River. water, including 


reduction in’ alkalinity content and intensity of acidity—expressed as ‘the 


-ion concentration—supplemented by high turbidity, have often caused 


as 3 the failure to clarify the water properly i in 1 the coagulating basins and the ; 
~ delivery of partly treated water with a large quantity of suspended matter, 


the filters, interferes with their normal’ operation. | 
elgg reaction between aluminum sulfate and the carbonate or bi: carbonate es 


S ate of natural waters often sets free a quantity of carbon | dioxide, thus making the 
intensity of acidity great enough to cause corrosion in iron pipes” “and conse- 7 
i quently red water. This is unfit for use by both the domestic and industri al 
consumer and will eventually damage the’ pipes. 


"The: facilities for chemical treatment in 1920 were housed in a brick 


solutions and provided for ‘lime, Nérinally, 
the alum solution was delivered | by gravity through t two “parallel lines of 
s - pipe about 500 ft. long, to the 60-in. raw water cond 
q from the raw water to. ‘the coagulating basins. ” Facilities for providing arti- 4 
ficial alkalinity consisted’ of emergency preparations of solutions of soda ‘ash, 
or lime, in one of the chemical tanks.’ This “hit-or- -miss” method, without 
properly designed structures. and equipment, has been the source of. much 
trouble in the treatment of water at Atlanta. Tn 1921-22, the City inst: alled 
a dry feed machine for applying lime, at a a point adjacent to the 60- -in conduit. a 
“When: the new filter plant was placed in operation, was necessary to re- 
q arrange the operation of the coagulating basins and advisable to abandon the 
‘method injecting the alum solutions, imadequate mixing a and other 
‘factors were preventing the proper removal of suspended matter.’ 
In 1923, a small temporary wooden. building for housing ‘two alum tanks 
the dry’ feed lime machine was constructed vat the outlet: tower of 
Water Basin ‘No. 2, vand | experiments were made in the injection. of ‘chemical 2 
solutions into the entrance of the 60-in. raw water conduit to the coagulating — 
basins. results obtained justified the. change; but the: necessity. for 
structure to facilitate mixing under varying ‘eonditions prior to coag- 
ulation still exists, ‘as occasionally “red” and “muddy” water is produced by “a 
the filtration plant. 19 ult ot , if 


91909 
After: ‘careful ‘investigation and study, it ‘was decided ‘to a gravity 


mixing chamber, between the raw water and coagulating with» 
chemical house Superimposed the inlet to the mixing chamber. ‘The 

"design contemplates a structure built i in three sections, which can be: operated 
rates of 30.000 000, 45 000 000 and: 60.000:000 gal. per day, respectively, with 


‘the detention time ranging f mi’ to. 45 min... The Iength of 
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for: from 1 200 to 3 000 ft., with velocities 
ranging from 1.8 to 3.45 ft. per sec, 
design gives. a flexible and satisfactory arrangement and will 
‘climinate the delivery of unsatisfactory water to the filters, ‘Bids h have been 
‘received and work on this structure which is to be concrete with | 
cast-iron pipe influent and effluent conduits, is to be ‘started as soon as the steps : 
“necessary to legal condemnation of the necessary land area are completed. 
New Filter Plant and Clear Water Reservoir—The pressure type” filters 
of the existing filter plant having a combined rated capacity of 21 000 
‘gal. per day, discharged into two open “circular clear water wells of a com- 
bined capacity of approximately, 2 000 000 gal. . The elevation of water in the Be 
_congulating basins is 985. 0 and that of the water surface 1 in the a wells, — 


; therefore, 40 ft. of head was lost i in ‘in operation. 5 

Kel Because of the daily demands i in excess of the ritiod of the filters 

and the limited capacity of the clear wells, it was necessary to vary the rate 

of filtration to meet the fluctuations in rate of draft « or -_pumpage, and this 

constant. change of the filtration rate, together with the : on the filters 

which 1 Was: approximately 100% during periods of peak demand, was o often 

} reflected i in the delivery of a - discolored and partly purified water. | The maxi- 
‘mum of draft had reached 40000 000 gal. pe r day i 1920, ‘and the 
‘Maximum ‘rate 0 of filtration through the ‘pressure ; filters had reached approxi- 7 
‘mately. 250 000 000 gal. per acre per day, iit became imperative, therefore, to 


construct ¢ additional filters. and a clear well of sufficient capacity to permit a 


‘Tt was decided to construct a covered clear water basin n of 100 000 000 ga 


“capacity, and a a gravity filter 000 000° al. daily ‘capacity designed 
for future t _ Construction was 


vide for ro 
a draw- raw and coag- 
for. future pre- -filtration processes and emergencies. 
ick _ The high-water elev ation of the new clear water basin. w a at 967, or 10 ft. 
“below the water surface i in. the filters, This  slevation ws was 2 ft. higher than 
that. of the water surface in the old ‘ele: ; 
abandonment of these wells. The total. Joss in head through filter plant 


became 18 ft. ,and a a saving of 22 ft. of head \ was obtained. 


‘This higher | elevation did ‘not, however, rend the pressure type filters 
inoperative, because a differential of 18 ft. with full clear water basin still ce 


\ 


existed, and head is more than. enough to operate them at their. 


> oul “The filter plant (Fi igs. 7 to 11) consists of pation — 000 -gal. daily units, a 
are of reinforced 
28 42 ft. in have a net sand area of 1 040 sq. ft., or 0. 0239 
acre each, and are designed to operate at the rate of | 125 000 000 gal. per acre — = 


per day. _ Each filter i is equipped with twelve concrete wash- water r troughs, 7 ft. fe 
to center, which discharge into a central drain dividing the filter i nto 
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two’ parts. ~The walls of this drain. are 6 6 ft. high and ‘carry a ‘a coticrete 
: which ‘extends from the operating platform to the rear of the filter. (See 
under- system consists of a cast- “iron fold, 10 i ‘in. in n diameter, 
divided into eight sections and having eight 10-in. outlets to ‘the effiuent main, 
‘The laterals are of 23- in. cast-iron pipe spaced 6 in. center to center. 
7 are drilled in the bottom quadrant with ¥e-i -in. holes. at an angle of 4B, center 
center, and ‘Staggered. Gee ‘Fig. 8. ) ul ni dan 
ol ‘The sand bed is 30 in. deep, and the sand has an effective size of 0.36 m m. 

and a uniformity coefficient of 15 The gravel s sepborting this sand 1 is placed 
4 The filters are entirely covered with a brick superstructure, 16 by 202 ft. _— 

At the west end of the building (Fig. 7) is located a head-house, laboratory, 

and. office, 60 by which eventually will occupy a central position when 
the plant. reaches its ultimate capacity. 

~ _ ‘The coagulated water enters at the west end of the plant through a 48-in. 

cast: iron main and Venturi meter. The level of water on the filter beds is 

controlled by a 42-in. hydraulic ‘wale: set in this line, which is operated by. a a 

float, and pilot-valve mechanism set on the. operating platform in an open 

chamber, 8. by. 4 ft., connected with the coagulated. water conduit. This 

_ chamber is also equipped with an en rergency overflow weir and is. connected — 7 

with the main drain conduit to to prevent the overflow of the ail if ‘the control 
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of side by side, and were poured in 
in one operation. — These ‘conduits were designed for an ultimate capacity of 4 


60 000 000 gal. per day. “The tops of the conduits are level with and Folin n 
a part of the lower Seow of the building. _ The bottom of the filters is about - 


ott at 


5 ft. above this floor and i is supported | on concrete columns. — 
All collector } piping beneath the filters is exposed and easily’ accessible. The 


- “under ‘side of the filters is ‘shut off from the 1 main part of the building by a 
eh filter, 


“operating ‘piping ‘controllers, ete., are exposed 
4 “view from the main floor and are arranged so that all are readily ‘accessible | 
for 1 repair or ‘adjustment. arrangement is. ‘perhaps somewhat greater 
q in first, cost than the usual pipe ‘gallery with filters on both sides, but it cer- 
results in more efficient operation and permits inspection and ease of 
maintenance because of its accessibility. The operating platform is f ft. 
Wide, and is supported above the conduits by concrete columns. It is reached — 
from the main floor by a concrete stairway in the center, and by circular steel 
stairways at both ends, of the building. ‘Fig. 11 is a view “of the influent, 
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the normal w vater surface at Llévation’ 1 000, or 23 ft. above the 


Surface in the filters.” Filtered water is ‘supplied to this tank by two 4 000- gal. 


er min,’ motor- driven centrifugal pumps arranged i in ‘duplicate. “The pumps 
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atically | by float switches in the tank and suction pump 
take is arranged so that the water in the effluent conduit cannot be drawn — 


an below t the outlets of the filters, which would break their seals. we 

The tank discharges into the wash-water conduit through a 30-1 -in. -cast- iron 
main in which is. set a 30-in. Builders Tron Foundry controller. register a 


minute, and records t the time, and : rate: of zi A in n the 
‘of wash can be and easily made by adjusting the instrument. 


on the wash- -water main, the normal position of the 


is. closed, and it requires at least 1 min. to open it, Yo bee 
The effluent from the filters enters the filtered water conduit through a 


16-1 -in. cast- -iron line i in which is set a 16-in. Builders Iron Foundry controller. 
“4 The effluent conduit is ‘sealed by a weir to prevent the lowering of the water 


below the filter outlets when the clear- _water reservoir is drawn down 


At the east end of ‘the filter building, ‘chlorine’ is injected into the fered 
"water, and the water then passes through a 60-1 -in . cast -iron main through a 


Venturi meter and a a controlling gate- “house to the clear water basin, or the 


pumps, the clear water reservoir floating on the 


In the gate-house are located the various va valves for ‘controlling flow 


‘ from the clear water well and the filters. The 60-1 -in. line is here reduced to Ss 

— 48 in, in order to decrease the valve cost and ‘make operation easier. All ” 


) 
valves have been n arranged f for electrical in the event this becomes 


a "fluent line from; the new filter. plant, ‘and the supply between. the gate- 


house and the -service pumps. Provision has also been made at the valve- 

house for an additional suction main to be laid | in the future. When this: 
is constructed, there will ‘be two 48-i -in, and. in. suction, lines to the 


as 
high- -service pumping ‘station. | ops bie alk most 


a; “ The « operation | of the pressure filter plant i in) parallel w ‘ith the gravity plant 
— is accomplished by ‘connecting | the effluent Mis the pressure lant to the con- 
pla 


duit conducting the water from. the 1 new clear water basin and gravity plant 
to the high- pressure pumping station, by a 36-1 -in. cast- iron main. q The pressure 
 Slters are located at Elevation 945, and the water surface. of the clear water 


reservoir is at Elevation 967. To prevent back pressure on ‘the pressure filters 
7 when the clear water basin i is full, a check- -valve has been inserted i in the 36- in. 


ry 
Tine. . The pressure filters must build up sufficient ‘head to open ‘this check- 


valve against the pressure from the new clear water basin, or the pressure — 


7 from t the gravity plant, before the filtered water from the pressure plant can 


BS into the system. “With a a full clear water basin a maximum differential 


of 18 ft. exists. between the influent and the effluent, and. this head has bee 
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to ‘permit ‘the operation of the pressure filters at their normal capacity in 


_‘The old filter plant has no loss-of- -head gauges, or rate- -of- flow controllers, a 


and 1 the filters are wa vashed by coagulated water. _ Detail plans for these i improve- 


lee: 


ments, including” connection to the new -water tank of the new filter 


awarded. This improvement is "most and will probably be carried 


Clear Water Reservoir. —The clear water reservoir has a capacity of 
10.000 000 gal. ‘It is trapezoidal i in plan, 215 by 888 ft. at the top with 2 to 1 

. 4 slopes, 22 ft. deep, constructed entirely in cut, and has a reinforced concrete ~ 
roof of slab-and-beam construction which i is covered with 18 in. of earth, 


st % Small entry houses are provided at both ends of the structure, and con- 
 erete stairs extend along the slopes from the entry houses to the bottom of — 


the reservoir. ‘Fig. 12 is a view of the interior of the new clear water reser- 


fags The floors and slopes are of concrete 6 in. thick and reinforced with elec- 
 trically welded steel fabric of No. 4 wire, 4 in., center to center. _ In order to 


insure water- tightness, concrete beams: or sills, 12 by 12 in, were first youred 

on the side slopes, 18 ft., center to center, with the tops of the beams level 
the under-side of the slab. Into these beams, at intervals of 6 were 


- inserted bolts to hold forms. Bulkheads were erected on the center line of 
"beams, : and the slabs were then poured with ¢ moderately w et mix, the forms 
being carried up 18 in, in advance of the concrete. — Three slabs were usually 


poured simultaneously, and | in this way the pressure on the forms was kept 
within reasonable limits. At ‘the joints in the slabs over the beams, No. 18 
‘gauge, galvanized-i iron strips were inserted, extending 4 in. into the adjoining a 


sections. Before the adjoining section was poured, the joint was covered with 


_ After completion, _tests exten ding over a period of 20 0 days: indicated a 
in water level with full reservoir of in. per 24 hours.’ Some of this 


leakage was © traced to the 48- -in. _ valve in the discharge line from | the reservoir. 
ater enters leaves the basin at the ‘south end through a 60-i -in. 
iron pipe laid under the floor, which is later reduced t¢ to 48 and 36 in. From : 
“2 this line are taken three sets of 24-in. cast-iron laterals which extend a at right 
angles 1 to the main conduit and discharge at the foot of the side slopes. These ee 
laterals are fitted with 90° bends and extend about 2 ft. above the floor of the 
basin. — The bends on ‘each pair of laterals are turned in opposite idildotibis 
The « clear water. basin porn asa balancing unit, foe: the filters, and t the filter r 
plant is now being operated at a uniform rate of approximately 26 000 000 : to 
30 000 000 gal. daily, the new plant supplying 21 000 000 gal. and the pressure 
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and. results produced from both the bacterial and the operating standpoint have 
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- been. excellent, except when the water delivered to the. filter, plant w over- 


loaded wi with suspended matter. 7 The operation of the filters at a as rate 
has reduced some of these troubles, and, although the pre- filtration processes — 


are ser iously in need of improvement, the « entire plant is ‘now oe much — 
satisfactorily than it did, pader a constantly changing, rate. 


s that th the design of the under- drain system. is satisfactory. 
my Table. Lisa daily operating log of the plant for ‘the six-month period ending» 


anuary These data indicate unusually good but ina: 


a 4 
filter they do not show some, of, the more interesting records: of the 


+.” The average length of | run between washings: of the gravity units. varies 


from 60 to 70 with, maximums of more than 120 hours. The quantity 
water required for these has been less than 1 per cent. 
open, type filter. gallery. with its ease, of. ‘inspection, operation, and 


2h) 
‘The new plant is provided with every, Seitites. and is heated from the boiler 


plant a at the high- service station. ‘Ample radiation produces. satisfactor; tem- 


perature during zero weather, which oecurs ‘very rarely. 
fi 


vilal he improyements at 1 the ‘Hemphill Avenue ‘Station consisted of a new 


radial brick chimney with, a steel flue for future extensions; remodeling the 


- a steam headers; equipping the | boilers with superheaters and mechanical stokers; 
installing « a de- -superheater. to ‘provide, saturated steam f for certain units; re- 


modeling of suction ¢ and discharge headers; removing one of the old, 10 000 000- 
gal. pumps; and installing one 30 000 000- gal. centrifugal DeLaval- 
ce 4 pumping unit, haying practically the, same gnaxenty, as those at. the Chatta- 


parse As this station pumps ; directly into the distribution system with no equaliz- 
ing reservoir, the operating conditions, are | variable, the domestic. demand 
ranging - from a rate of 17 000 000 to 18 000 000 gal, ‘per day at night to a rate 
of 45 000 000 to 50 000 000 gal. per day, peak vi rate during, daylight hours, and 
The construction of, the new clear. water reservoir (high-water elevation, 


differential between water su arface and maximum head, thus. materially. 


unit, pumping costs. vol tine Fase ds obey ort 
‘The average domestic pressure maintained at this station ranges from 80 


a during { 
tis 


urban area, “with rapidly “incredeing deniand; “emphasizes the necessity of 


967) has placed all. pump suctions under ra positive which reduces the 
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W OF INTERIOR OF New 10 000 000- GALLON CLEAR WATER RESERVOIR, 
_ ATLANTA, Ga. 


VIEW OF NEW Gaavirr ‘FILTRATION PLANT, ATLANTA, 
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Sos 5 "The following figures indicating the cost of the major item ms 0 f the work 
completed, authorized, and contemplated, may be of interest: | 
Mixing cost, impounding dam, intake, ete. 500 000 
Mixing chamber and chemical house. . TS 
48-in. raw water main and connections, including gate- _ xe 
house at reservoirs, aqueduct, tunnel, etc.......... 682 000 
Filter plant, reservoirs and connections...........++ | 699000 
‘Three 30 000 000-gal. turbo-centrifugal pumps i 
‘Pumping station improvements, including steam im- 
provements, and pump foundations, connections, 
thirty-six 500000 gal. per day horizontal 
type filters, with loss-of-head gauges, rate controllers, 


filtered water wash line with 


es 


work been er the general de Smit 


Zo 
‘The 48-1 “in. raw- -water main and connections, all suction and. discharge 
headers, pu pump foundations, ‘connections and exterior piping at the filter plant, 


were constructed and installed by the forces of the Water- Works Department 


“has been carried on on efficiently. and expeditiously, and ‘well “within. estimates, 

‘The writer, acting as Consulting and Designing Engineer for the City 

f Atlanta, desires to give full credit and honor to his able ‘corps of designers, 
esident engineers, and assistants, who have served so conscientiously | and 

e 3 efficiently in the preparation of. plans and the supervision of construction, 
including Frank J. Keis, M. Am. Soe. C. E., and Herman FL Wiedeman, “Assoc. 
M. Am. Soe. C. E.; and Messrs. T. M. Sullivan, McDonald Lawrence, M. T. 
Singleton, ‘Lowell Cady, E. Arnold, and others. Mr. -Wiedeman was 
dent Engineer on the filter. plant and clear water reservoir and during, the 
_ period of “tuning 1 up”. 7 Mr. J. N. Eley has co- o-operated with the writer ‘in all” 
mechanical and electrical matters, and supervised all duty pad efficiency 


| 
~ % on the | pumps and steam equipment. 
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HIGH SPECIFIC “SPEED 


HIGH CIFIC SPEE D 


Grorce A. Orrox,* M. Am. Soc. C. 
_ Among the many things of interest seen and ese at ‘the } World Power 


» ie Conference (London, 1924), none perhaps was more striking than the variety 


of me thods proposed and. tried for the solution of the important problem of 
high specific speed. turbines. 


From talks with | experimenters and, visits to 


‘uropean testing 1 laboratories, the on these aboratories their 


presented to the Conference, and from current literature in many lan-— 
id 


the speaker believes that although the subject t is not new and - is well 
known in Americ rica, yet the many excellent examples of good design and con- + 


at present under ay in ‘Europe should be better know n to members. 

el we Among the larger plants, the Chancy- Pougny installation of five wheels 


600 h.p .), on the Rhone, below Geneva, Switzerland, is. ‘most interesting. 
The turbines are | 18 0 in. in diameter, under 2 26. head, with a = 


teristic speed of about 120, just a trifle larger than those at Keokuk, Iowa. The 
wheels are ea modified Franc ‘is. type, retaining the outer rim, and | were built by 
the Des Charmilles Company, of Geneva; ; they’ are guaranteed for an efficiency | 


more than 90% at the best gate- ‘opening. 


in comparison, the Lawaczeck wheels for Lilla- -Edet, Sweden (Fig. are 

sand | have a characteristic speed of 


13 3 the is 91. 3 ft. instead of 26.7 ft., the power is 10 000 h. p., and he 


“water used is 5 200 ¢ cu. ft. per, sec., instead of 3250 ecu. ft. per sec. A similar 


wh eel, 9 hig 61 in. in diameter, at the ya iereth pla nt in German y gives 2 000 h.p. 
_ This latter wheel w 


the third unit isa prope Mer runner with adjustable blades « of 
type. This third runner has about the s same diameter and water capacity as” 
others, but the blades are adjustable, g giving much bi better at low 


voratory 


at Lilla Edet and ‘models of both wheels, 1m. in size, were , given ar an n exhaustive 


> test before the contracts 1 were signed. Dr. D. Thoma , Professor of | Hydraulic 
Engineering, Technische ‘Hochschule, Munich, ‘Germany, has stated that the 
form of the > Lawaczeck 1 runners is a mathematical surface with three parameters 


* and that the test efficiencies n may be related to the e equations of the surface. He 


further states that this method of analysis will p prove . fruitful without “restric: 


tion to any special theory of turbine design. / 
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LAWACZECK TURBINE BUILT BY 
FOR THE VIERETH PLANT 


‘Fra. 3.—LAWACZECK RUNNER (2 900° MM. IN DIAMETER) FOR 
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runner at is 19 ft. 0 in. in 


cant in a a draft- tube designed for | the Kalan runner. 


of wheels at Lilla Edet i is ; shown i Fig. 


pl 


C AF 
KAPLAN ‘AND LAWACZECK TURBINES 


Calculated Efficiencies rs enlarging Diameters 
hi of Runners to 19 ft, and 19 ft. 8 in, respectively. 


~ 


Percentage Efficiency 


Ds M. ‘Voith ‘dnd’ ‘Go paily: im, has 
tured a a number of Kaplan runners, the first been installed ¢ at ‘Sieben- 
Austria Fig. 6). This wheel is 6 ft. 3 8 in n. in diameter, w with 20.3- ft. 
bead and develops 400 ha p. at 250 rev. per min. "aa apeciiic speed i is about 212. 7 

There is a similar wheel, B ft, 1 ‘in. in diameter, with a speed of. 250 ‘rey. per. 
min. , under a a 13.75-ft. head, at Giivle, Sweden; apparently, AT 

number of these wheels have been made by other manufact eran 

The Voith Company has also been manufacturing wheels of the 
type with fixed vanes. _ The installation at ‘Kachlet, Germany, on the Danube, 
is quite interesting. Here, e, the wheels are 15 ft. 1 in. in diameter Fig. 5), 


under a 25. 1-ft. head, for 7 450 h.p., giving a a specific speed of about 115. The 


Tunner has: six blades covering nearly the entire area, , whereas the four- Dladed 


Kaplan designs « do not cover much more than one- quarter of the projected area. — 
= Wyss ‘and Company (Zurich, Switzerland), is s also making a ed 


turbine for which tests show good efficiency. ai In Fig. 7 is shown a six- -bladed ae 
model Fig. 9 shows curves of a fou our: bladed ‘model. ‘The 


Bell and Company (Kriens, Switzerland), have been published by Dr. F. 


in Zurich, fe turbine of this type for which the performance curve is —_ 

in Fig. 10, is ‘situated at the Matte Central Station in Berne, Switzerland. 

Hahn has | given a table of test efficiencies of runners" of this type col- 
lected from : a number of European ‘sources. Statistics of some of these ] high- 


— Speed European plants are given in Table. 1 and | comparative performances in 
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FOR THE KACHLET PLANT 


n his paper before the World Power ‘emphasizes 


the fact that the tests on small- sized, , geometrically similar models give an ae 


+ 3 ‘figures for large- sized oper ations and that i in the few ¢ cases of divergence noted 


ou 
7 a lack of geometrical similarity has been proven. _ He also ‘states that the 


uh « 


4 Camerer correction formula for efficiency has been found to be fairly correct. 
A, He gives a list of thirteen hydraulic testing laboratories actually running in 


— 


ima 


Discharge, 
cubic feet || 
per second. 
Revolutions 

per 
‘Iminute. 


8. A.. Chance -Pougny, Switzerland] 18 ft. Oin. 

A. B, Finshyttan*: Lilla Edet, Sweden 19 ft. 8 in. 

B. Finshyttant. Lilla Edet, Sweden 19 ft. Oin. 

Siebenbrunn, Austria........| 6ft. 3in.| . 

Gavle, Sweden 5 ft. lin! 

Kachlet, Germany 15 ft. ..... 
Viereth, Germany Oft. 6in. 
.| Wynau, Germany.. | 10 ft. 10in. 


— 


GUN 


= 


* Lawaczeck wheel, | a 


7+ Kaplanwheel. 


is. fair to state that I Dr. the. cavitation d difficulty 


testing models under cavitation conditions. ‘Half his | ‘paper was s devoted to 
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6.—KaPLAN RUNNER AT SIEBENBRUNN PLANT, FiG. 7.—DuBS PROPELLER RUN 


“a SHOWING MECHANISM FOR MOVING By ESCHER 
a BLADES. Pry AND COMPANY 
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"The the high- runner has come to stay and that 
— — this type will be overcome, as. with the older and better 
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THE PROPELLER TYPE TURBINE 


Bee 

any one who followed hydraulic power e1 igineering it “must “seem 
surprising 1 that a machine so highly developed as was the hydraulic turbine | 
ten or fifteen years ago, should have suddenly entered a period ‘of radical 

changes and encountered transformations in many of its essentials. - The fact ee 


remains, however, that although practice in n turbine design had become almost = 


‘this art has taken on new life ‘and has been revolutionized in many 


The most striking changes have been those i in ‘Tunner and draft-t -tube design, e 


resulting in a remarkable in the specific speeds. This paper is directed 
particularly to one form of high-speed turbine and to the description of a num- ps 


ber of typical installations, representing some of the most recent developments 
in this field. Before describing particular installations, however, a a few gen-— 
eral relations will be discussed leading to some of the reasons which account — 
for the ado tion of the ropeller t of runner and which explain at least in 
part the logic of its development. of as 
_. The first point discussed is not directly } pertinent, but is at some interest in 
itself, namely, the relation between size of turbine and efficiency 
second. point then follows—the r relation between type or form of turbine and 
its efficiency and specific speed. The results of several actual tests of models — 
of of the propeller type and of large- sized installations will then be presented. at 
VARIATION OF Erricrency- with Size or TurRBINE 
In order to compare results secured on different sizes of models with full- 


sized turbines, the writer has believed : it advisable to t take up the question of 


the effect of size on turbine performance ina a series of homologous turbines. a 


In -Tecent years calculations for this purpose. have usually been based on the 


Camerer formula, 0 of the form: od? to oor ti 19 tis © 


e the of on one turbine, e’ that of turbine; » 


are their diameters ; and is the ratio of the outflow area, of 
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-Funner buckets to the product of the wetted perimeter a1 and: the runner diameter; 


. Although the Camerer formula has been found to be in . fairly wien agree- 
ment with actual results of tests, it is ‘not altogether satisfactory for the fol- 


“yaa adie om involv es the calculation of the hydraulic radius of the water passages 
, through the turbine and cannot be accurately applied unless the design of a 
particular turbine is onitile.. ‘It is complicated in form and involves a 
number of constants or coeflicients which can only be accurately determined 
by applying it toa number of installations of similar general cl character to any 
case under consideration. In determining the hydraulic radius to be applied 
a in the formula, it would be necessary to arrive | at some average value which 

would fairly represent the entire course of f the water through files turbine, a 
matter of considerable complication even when the design is fully 
Camerer a avoids this complication by u using - the minimum slain’ which i 

occurs” at the outlet orifice of the runner buckets. Although the formul 
has been generally used with this assumption, ‘it no longer remains exit 
ni 2.—The formula is also derived from the assumption that all the losses 
through a turbine are due to resistance or 80- -called friction’, 


a part of turbine is ‘dies to eddies, ‘and velocity heai 
rejected at final discharge. The complicated form of the Camerer | ‘expression 


& 
-~ is due to the fact that it is based on Dr. Biel’s formula for pipe friction which 


is an expression involving the’ sum of three terms. offer 


a the ; fact that the losses in a turbine are dependent on many 


factors and involve many complications and ‘that in ¢ comparing efficiencies. 

only approximate ‘Tesults at best can be expected, the writer believes that a 
_ simple form of ¢ expression involving only the leading variables and giving 

- simple dimensional relation without involving the details of design, ¢ can be 

wit with a gain both in in convenience of application and i in accuracy. Por this 

br _ purpose ‘the writer proposes in n place of the Biel | formula for pipe friction or 
other ‘complex form of expression, , such as the Kutter formula for channels 

the us use of an exponential formula, and this purpose ests the 


recent Forcheimer fovea: 


‘ 
= velocity; 
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“or still more Strickler 


_ 


*h ‘The Striokler' formula is is based on n rational grounds “and shown 
to to be i in close agreement with a large range of actual measurements. , Bs rep- 


_Tesents the pr proportional loss of head i in 2 a given t turbine expressed as a fraction — 
of of the total head on the turbine, then \ = in which e e is the turbine 


1 Tf} =1—e is the proportional loss of head in n one r runner, say, a a ‘aaah 
mine 


sages 


model, assume that a certain fraction, a, of this loss, that is, a (1— —e),1 i ape . 
yr as on runner is increased in while the re- 


which 
isually Now the surface friction in may be calculated by, the 
ction”, in which, except for very smooth pipes of small ‘diameter, n m may be taken as 
dosely equal to. 2, a value corresponding t to cast- “iron pipes, and may y be 
head taken between 1.4 (Forcheimer and. 1.167 Williams), or as 1} q 
x=1 in n which p= = if the Strickler v. is used, 
heey od wi: ye woh aivollot ott , 

‘iencies a 


runners of all sizes, any head, when operating at equal 


gate and corresponding speeds, Vv? varies directly as the head, H, so that — 


Expressed asa fraction of the total head on the turbine, na ee : 


=a constant; ‘and in all homologous =a constant; and as Ris 


Bik oily jo. enti tous 8B. 
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THE PROPELLER TYPE TURBINE 
= ts 


—e)=a a 


_— the application of. this formula ‘to a number of actual comparative 


tests, it was found that if Pi is taken « as 3 By then a, the unvarying ‘portion of | 

the. loss, i is a comparativ , approximately 2; and it is also 

fonnd, the whole; loss can. be closely approximated for usual values 


the simpler expression, 


which a slight, in P to n closely compensates for the of the 


and less accurately formed, and have gi creater eddy loss at their discharge 


and elsewhere.’ Hence, : an expression of the form: 


od 3 4. fare 328 1. 
should be sufficient for all pradtical purposes in computing the: effect of size 


and an application to a number of shows this to 
be true, with n varying but little from the value of 


the following formula may be used: 


-9(5 


4 
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0 or CHANGE OF or ON Err ICIENOY AND 


\\ The preceding discussion applies to geometrically similar turbines. Con | 


sider, next, the effect of change of form or type. eof turbine. The particular 
which it is desired to consider s that ‘from so- called Francis 


turbine to a turbine of the propeller type. _ . This change in type involves the 


following principal alterations: (a) The ‘elimination of the runner band or 
shroud : ring, allowing the blades to, rotate within a stationary wall; the 
introduction of a large transition ‘space between guide-vanes and’ runner, in q 


re the water follows a free path and turns from a radial to a partly. or 


completely axial direction; the reduction of blade surface so that the 
blades either o overlap each other only slightly or fail to overlap at all and 


pa. 


leave clear openings between them; (d) a reduction i in the number of blades; — 


an nd. (e) the use of draft-tubes symmetrical about the turbine axis and capable — 
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of efficiently converting into useful head the welaniie head of both the meridian 
and tangential components of the runner discharge velocity, thus permitting 4 


both components to be made relatively large. 


- The effect of each of these changes i is to allow the runner to be ‘operated - 
“ a higher speed under a given head, by permitting higher relative velocities _ a 


a more inc 


0 be ‘used and a more inclined direction of the abso olute velocity ¢ of runner - 
Teason for eliminating th band or shroud i is | ‘With the runner 
“speeds and diameters used, the relative velocity. of the water in contact with — 


a moving band would be considerably greater than its absolute velocity steer 
the su rface of the in eran | 80 that there i is less surface resistance | on 


Sag The effect of the transition | space is to reduce the relative velocity tees an 


the water and the blades at all sections except at the blade tips. If this space 


is too much enlarged, however, or if the entrance edges of the blades are car- : 


_ ried too near the axis, the relative velocity near the hub begins to increase 


again, the water at that point then tending to rotate faster ° than the runner, 
and, in addition, the surface hence due to the long absolute path along the 


stationary head ‘cover partly discounts the decrease in blade friction. This 


consideration is one has led to writer’s ‘diagonal type. of ru 
intermediate between a radial and “purely axial flow runner. 


similar v way, an undue reduction in blade surface while decreasing the sur- 


q 


face resistance, if carried too far results in ‘imperfect guidance of the 
and permits other losses which more than offset the gain. ‘It has been — 
both from theory and experience that unduly ‘small blade area greatly impairs 


ity 


the stability. of operation, giving ‘rise to surging, ‘unstable flow, and loss” of 
"Nein and materially reduces the field of application of turbines of the | 


4 


Dm: The effect of reducing: the number of blades ‘can be ‘readily investigated 


along the lines of ‘the analysis given previously for homologous runners. <As- ~ 


sume a series of runners in which the ‘same ratio of total blade area to disk 
area j is used, but in some of which there are many blades with short and narrow 
—. between them, and in ‘others of which there are a few blades wi th 
long and wide passages, the blade sections being geometrically similar i in all, 
ad having the same ratio of length to width of passages. The runners being | * 
“unshrouded, the wetted perimeter of a runner. channel may be taken as ap- Y 
Proximately equal to twice the blade length from hub to band the hub 
surface; and if the hub surface is neglected and offset approximately by tak- bo 
ing the blade length ‘as if it extended to the axis, the wetted perimeter can 
be called 2 4, in which r is the tip | radius of the blades, measured i ina conical a 
gurface, The area of one runner passage Yo 49: ow) tot 
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4 in ‘which, B is the blade inclin ation and z is the sebeailade of blades. ~~ Hence, 


hydraulic radius of a: ‘runner: passage ist to bai 


p= 


to tl, the same line of reasoning g, the. proportion of the total head on ; 


turbine Jost in blade friction will vary inversely as the hydraulic radius 
yaised to. the. nth power, or using Strickler v value of, n = 4, the ratio 


rae 


blade Josses in two runners ¢ can be expressed as: 
1 


This shows that in such a series of ‘tlie 
blade friction will vary, directly as the cube root of the number of blades; and 


inversely as the cube root of ‘the radius. For example, comparing a 16-vane 


a rane runner, the latter will have {—— 
meds totest stator of wathast wold tal 


the blade friction loss of the first, or " reduction of 37 per cent. ‘It must ie he 
i in mind that this does not mean keepi ing the blades the sam 18 in size as their 
“number i is ‘reduce d, but | enlarging them t to keep the total blade area the same. 


“4 Although a very small number of blades will be advantageous i in reducing this 


particular: loss, there are, of course, certain, disadvantages in “carry ing this 
feature too far, such th as” the: increase in axial length of the runner hub and 


“plades, with resulting increase in weight of, the distance of its 


“center of gravity from the bearing, increase j in length of the surrounding 1 ring 


f and gi reater loss in friction against the ring dell! 
t-t 


4 ott a considering the last fac tor, the change i in form of dra abe. no attempt 


at a general analysis of the | effect of form o: of draft- tube on the -performant 


of. ithe type. will be given in as the subject 


feature of these turbines has been the in over- all dimensions. without 


impairing: the performa ance. To give an. idea of what has. been aceomplished 


this direction there. in Fig. 12 a model of the. propeller type 
tested with a spreading draft-tube. of, large, dimensions, in comparison with a 


‘recent design of a spreading spiral, tubextested, with the same ‘model; and, in 


Figs 
shown for two. of the : of che form by 
writer, from Holyoke tests. if Each of the individual curves on these sheets 


-Tepresents a particular gate- opening; the envelope shows the efficiency 0 
> 


tainable at various specific speeds. 
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wil "MOODY ROPELLER TYPE TURBINE MODEL 


«EQUIPPED WITH 4 


F SPREADING DRAFT TUBE NO. 4 AND 
SPIRAL DRAFT TUBE NO. 16 
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MANUFACTURING COMPANY. 


19. View OF POWER- FEEDER DAM 


«Fig. 20 — INTERIOR View OF PowER-Hovusz, PLANT. 
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Having discussed — a ‘somewhat theoretical standpoint, a few of the 

factors. affecting th the design these turbines, brief descriptions of a 

‘recent installations will now be given to conclude this paper. \ ay 


a | * _ Fig. 16 shows one of the four 30 000-h. p. runners at the | La Gabelle plant 


of the St. Maurice Power ‘Company. These’ units have i already been n deseribed 
| in other papers, as have the similar 28 000-1 hy 5 turbines of the Manitoba Power 


3 Company, Limited. ‘Tt may be pointed out that the La Gabelle -draft- tubes — 


are re closely similar to the spreading- spiral form shown in Fig. 12. The Mani-_ 


Baa units have now been in operation under a wide range of f heads— —to more 


than 50 ft. t—for ab about 2 years, and ‘the La Gabelle units for nearly a year, 


under heads to more than 60 ft. It may be reported as a result of the e expe-_ 


rience with these units to. date that. the Manitoba runners have shown a 
slight 1 tendency toward corrosion on the discharge edges of the blades, 
perhaps to the abnormal operating | heads, but the effect 1 is local and not serious. = 3 
_ The La Gabelle runners are in perfect condition. In both plants" the concrete 
just below the runner has been eroded, and this corrected by the 
tose of plate- ‘steel liners a at the top of the draft- tube, a practice which 
will be followed in future installations of the propeller ty] pe > under | the higher | we 
heads, In all the remaining installations to be described su subsequently, there 
has. been an entire absence of pitting or corrosion at any , point; and in all 
‘ these installations, including the Manitoba and La Gabelle units, the opera- 
_ tion has been characterized by quietness, steadiness, and freedom from surging be 
or vibration or other. difficulties, and in every case the calculated power r output — 


has been exceeded by a reasonable margin 


Me ‘Figs. 17, 18, and 19 show the 1 500-h.p. units at the Feeder Dam _ of the 


Moreau Manufacturing Corporation on the e Hudson River, near Glens" Falls, 


| = ¥ r. ‘There are five of these units with a rated capacity of 1500 h. p. each, © 
- operating under a normal head of 15.5 ft. and a maximum head of 19 ft. The 


is 120 rev. per min., corresponding to a specific speed of 151.5 5 (672 

 ‘Inetric). « design | has been simplified as far as possible and the object has 
een to keep the cost of turbines as low as possible without ‘sacrificing mechan- a 
eal dependability or the hydraulic conditions of operation. On account nt of 


- the low head available for this : station, a minimum cost of the development 
ig is naturally of great importance. ¥ In this plant an outside operating mechanism > 
has been dispensed with, the gates being operated from links connected co pl 


to ) the v: vanes, by “means 0 of a vertical gate-shaft. ¥ The 1 runners are of cast iron, 


casing stay- vanes are separate castings set individually in the 


and no continuous “speed ring” is used. The draft- tube i is a relatively short 
‘spreading tube with the barrel or portion mn of plate steel. "These 
: Units: have been in actual operation for several months and tests of — 
“output have shown excellent. agreement with the predicted values. 
Rig. 21 shows a sectional elevation of one of the 1500-h.p. ceils es for “= 
‘=e plant of the Great Northern Paper Company, near Madison, a 
i 


g. 20 shows an interior view of the power- -house. | This plant has been in 


Operation for about fourteen months. ‘Fig. 32 shows the curve secured 
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VAN 


in a test of ‘one of the. full- sized units under actual oper operating g conditions. _ 
This test was made by M. Allen, M. Am. Soe. using his salt- velocity 
_ method of water ‘measurement, the water being measured in an open fly ‘flume o> 4 


constructed i in the tail-race. _ There are five of these units of 1500- h. p. capacity 


each, operating under a nommel head of 20 ft., at a speed of 150 rev. per. . min. ; 


"This speed | corresponds to a specific speed of 137 (610 metric). , These turbines — 


" 


have ‘integral stay- -vane rings or speed. rings, outside ‘operating mechanism 


actuated by a vertical gate-shaft, and runners are of cast ix iron. ‘The draft- 


Ate 


_tabes, are of the spreading type. Bote fa» 


ntage Efficiency) 


Percen 


1500 H.P. P. “TURBINE ¥ 
GREAT NORTHERN 
ANSON 


} .. HEAD 20 FEET 
SFEED: 180 REV.F MIN. 


g00 1000, 1200— 1400 1600 


Power Delivered to Gene ator Shaft 

installation in design to the Feeder ‘Dam and Anson 


plants § is. that of the Spruce Falls Company, Limited, at Kapuskasing, On- 


tario, Canada. This plant was built. by the Dominion Engineering Works, — 
4 Limited, and involves a ‘propeller type unit of 2 500 hp. under a 30- ft. head, 


operating at a speed of 180 rev. per } min. Fe ‘This corresponds to a specific speed 
128 (57 metric). Preliminary r of a test made by Professor 
that th the efficiency will probably be i in excess of 90 per cent. 


Other recent installations the same of turbine carried out in Canada 


Two units for Howard Smith Paper Company, ‘of 350- h.p. capacity 
each, under a head of § 8 rs These have a speed od 99° rev. per 1 min., corre- 
sponding to a ) a specific speed of 134 (597.5 metric). 
One unit for the Dryden Paper Company of 1 400- “hp. capacity, under» 
head of 29 ft., at a speed 225, ‘rev. per mi ndi ifie 
These installations \ were | built the Dominion im- 


mom for the Canada Power Company. “The draft t-tubes. of the. 


y ‘spreading type formed -eonerete_ and 1 will be provided with separate cast 
‘vanes at the end of ‘the spreading portion to carry the w eight of the 
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superposed structure. Similar stay-vanes- were used in the Manitoba and 
La Gabelle installations and in a large number of Francis turbine installations. 
These vanes have been found to be a valuable structural feature reducing the 

"reinforcement in the power-house substructure which would otherwise have 
to carry ; the loads by beam action, and also proving useful during | construc: 

tion: as they permit the earlier removal of forms. These turbines will have 
_ removable liner’ rings surrounding the runners 3; the runners will be of cast 
steel: operating ‘mechanism will be of the ‘outside typ pe. These units 
will operate at 138.5 rev. per min., or a specific speed of 153 (680 metric). fit 
“Among the recent installations in ‘the United States may be mentioned 


a unit of 3 200-h. p. capacity the Roanoke Rapids Power Company.‘ This 


ie be equipped 1 
ERTICAL SECTION THROUGH POWER HOUSE 
BUILT BY WM. CRAMP & SONS 3 
& ENGINE BUILDING CO. 
AVAUS 


b 


641 00 


El. 638.90 


struction of which has 
‘been “completed, is that of ‘units the’ Mlinois Northern Utilities Com- 


4 pany, , shown in section in Fig. 23. These turbines will have unit capacity 


— 
aA 
ith 
| 
= | 
— 
| 
| 
— * 


E 1 


‘have 


ll have 
of cast 
units 
itioned 
This 

1in., 


d with 


Bac 


“ 


= — 


Roky, 


— 


6.— 


4 


= 


ASSEMBLY 


ie 


al 


~ 


ee of 800 h. p., , under a a head int 8 ft., operating at.a speed a of § 80 rex rev. per min. ‘This 
plant is of unusual interest because of the low head which has been utilized. a 


od The specific speed is 168 (748 metric). Every effort was made to keep the cost soa 


of installation to a minimum. Separate ‘stay -vanes. have been used, bolted at 
the top to the foundation ring. ‘This foundation ring is built up of plates and 


structural shapes ‘and is continuous with a plate- steel pit liner carrying the 
3 operating eylinders : as shown i in Fig. 24, ‘Fig. 25 shows the turbine head cover. 


Fig. 26 shows the guide-vanes, which ‘are built | up ) of plate steel with cast- steel a 
stems. 
8 


the draft-tubes have been of the continuous: type with central 


‘Tt may be although asa result of experience with this new 

of tu 


irbine, , certain minor defects have develope ed 1 which have , required for me 
~ correction some modifications i in design, the many major difficulties hike, had 


predicted, ‘such as serious corrosion, vibration, instability, imperfect 
omer: failure to develop the power corresponding to the head, or. eT 


“to ‘run under low head, have not occurred. 
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|. This paper is intended to. allies in a general way the experience to date 
with: the high-speed, axial- ‘flow type of hydraulic turbine runner for for low heads. 
brief. comment as to the o origin of. this type is given, te together w with a state- 
ent as to the number of installations, total horse-power involved, ete. Com-— 
ment is given as to the operating features that have been observed, the heads Ss 
to which this type has been m applieds: and the. present commercial range of its: 


i 
won eri att TO DEFINITION | dud t bo af 


high- speed flow type of hy draulic turbine runner, called variously. 

ye the U nited States the “suction runner” or ‘propeller runner”, is generally 


representative of a type wherein the flow within runner "itself is. in 
- direction mainly parallel to or “cylindrical” about the axis of rotation. (See 
Zw, This i is in contrast to the usual types where the flow i is concentric about, 


but transverse to, 1 the ax axis of rotation as in ‘the | Francis ty types (Fig. 29 left), or | 
- ‘right angles to the a axis, | but not concentric about it. as in the “tangential — 
impulse”, or “Pelton” type. (Fig. 29 extreme right). _ The particular ¢ design — 


for which the writer has been responsible is further characterized by a small 
number of blades (usually and preferably four), as contrasted with the fifteen 
thirty prevalent in present conventional forms (see Fig. 29), and the 


absence of a rim around the tips of the blades. In addition, there i is a reduc 
tion in the = of the blade so that for the higher ore conditions there isn 


“speeds ai are is W 


place which ‘this type of runner holds: historically, particularly; 


reference to all other types, ‘is shown | in Fig. 31. In plotting ; this diagram, 

_ every obtainable performance figure has been used her the earlier forms. _ The 
4) 


writer believes this diagram to be still correct, although a arr pres 
fore the Society would indicate otherwise, 


In that n most excellent ‘paper Messrs. — ‘made the 
following under the “The Propeller Ty pe of Runner.” 


* wheels of almost exactly same type were used many 
ago, and that their high speed was appreciated. * Not only did Truax 


Hydr. Engr., Allis-Chalmers Mfg. Co., Milwaukee, Wis, 


+ “The American Mixed-Flow Turbine and Its Setting’, by Arthur T. ‘Safford, M. Am. 
Soc. C. E., and Edward Pierce Jun, Am. Soe, C, B,, Am. Soc. C. 
Vol. LXXXV (1922), p.1237. 


Loc. cit., pp. 1263-1264. 
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G. 28. —TyYPICAL HIGH-SPEED SUCTION RUNNER (1916). COMPARE WITH © 


yaa FRANCIS WHEEL OF ABOUT ONE-EIGHTH CHARACTERISTIC SPEED. _ aa 


‘Fic. 29.—TYPES OF WATER WHEELS FOR HEADS oF 2000 Fr. To 8 Ft. sf 
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appreciate v what he fund, but he also knew how he got it, rebich! was —_—" at 
this time. * *.* | Assuming that the measurement ‘of the revolutions per 
‘minute ‘and. of the water was correct, and, furthermore, assuming. an —— 
of 60%, which seems fair and reasonable in the ‘light of the performance of 
“similar wheels of the same period, a specific speed of 125 is obtained. If ae 


6 aan has been only 40%, the specific speed would still be more than 100.’ x 


11D 


TA Lest. this statement from so well known an authority g give rise to a mis- 
"apprehension a as to the number of years of experience behind this type of =a 
ner, the following comments are thought to be i in order. are offered for 
= ahiniael of avoiding too rapid an application. of this type to conditions aig 


gan 


cienc 


ffi 


or Metric Units 


3 
Maximum Horse Power Output 


Multiply by 4.46 f 


0 
«1860 18701880 390 1900 

of “possessed 10-in. wheels of the Truax and to 
the T ruax) t types; he made tests of : thead wheels and gave their results in detail 
in discussion * of the paper by, Messrs. Safford and Hamilton. © | Specific speeds 
of 35 and 23. were obtained, using settings duplicating as as possible 


those s shown in the original Truax and Austin illustrations. Safford 


Characteristic Speed Ns at best E 


4 
q 
4 


and J Hamilton took most vigorous exception to. these tests ; they secured a 
and tested it, without finding specific speeds in excess of 
60, even w ith a draft- tube added. the, results are shown in Table 2. 


481902 


TABLE. 2- —ComParison or TRuax NAGLER WHEELS. 


f 


125 
40 (assumed) | 100 (calculated) 
.+| 88 (by test) 35 (by test). 
50 (by test) 51 (by test) 
61 (by test) | 60 (by test) _ 
87 test) (by test) 
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5 : 
OOriginal Truax adv — 
in. Truax plus dre 


Replotting this comparative data 0 on a a specifi speed (N, ) basis, gives the 
Saved shown on Fig. 82(a). Another basis is given in Fig. 32(b), i in which the 
use of unit horse-power exaggerates the comparison even as, the basis 
‘suppresses it. The N, basis is the fairer contrast, ; 
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This comparison, particularly as it includes tests with “additions in the 
form of guide- -cases and draft-tubes built i in the light ‘of present ‘knowledge, i 
- seems to the writer to show conclusively that there is some decided difference 4 
e between a type of wheel which tests only t to 60% efficiency and a specific speed : 
of 61, and the modern suction . type as here presented which reaches ‘efficiencies 
of f 90%, and specific — 7? 150 to 200, or about triple that of the — 


, of Messrs. Safford and Hamilton, is 


Percenta; 


Jabeled “Troax. 1876 Safford and Hamilton's Guide- Cane and Draft: Tube, 
1922”, this point, the Truax wheel with a specifies speed of 
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speed 


earlier 
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lton, is One of the principal characteristics of this type ‘oft runner, is its tonne 


ould be 


epee. HIGH"SPEED ‘TURBINES 1037, 
wheel with its specific speed of 150 to 200. Th 


over-speed extends to a s specific less than 100, but it should be 
pointed out that the wheel which the writer contends i is | 8 different, extends sim-— 


wheel wi e Truax curve projected 


Thee 8 on this type of runner as ap as applied to 

| lie turbines was started in 1913 . The initial plant (Fig. built in 

“1916, t the initial | Holyoke test (No. 2 521) was made i in 1 January, 1917, and the | 

- first publicity was given to this type in 1919.* At that time a total of 17 
units had been built, 9 of which had been tested. ‘To date more than n 100 of — 
these units have been built, 90 of which have a total combined capacity of 
680 hp. The operation n of every y plant has been watched most carefully 
tests have been made wherever possible. ‘The sizes have ranged from a diameter 
of 30 in. up to one of 156 in. _ The horse- -power per 1 unit has ranged from 100 
up to slightly less than 5 000. The heads have varied from 22, in. to 
35 ft. and, on test plants, up to 65 ft., these high- head tests dating from 1920. 
The ‘specific, speeds have varied from 90 to 250, English : system, (400 to 1 100 
metric). Holyoke tests have not been made as frequently as is customary ‘ae 
Francis units. The highest Holyoke efficiency reached on a runner 

designed i in 1920 and tested in 1923, showing a maximum efficiency of 89.2 and a 


th general, plants have been operated with ‘remarkably little ‘difficulty, 
having an over-all continuity. or ‘reliability factor not noticeably different from : 
that of the Francis type of unit, as far as mechanical features are concerned, © 
and being superior to the Francis type from a standpoint of freedom from 


“troubles due to ice, trash, ‘and débris, either within the turbine or in the trash 
racks. There has been no replacement of any runner due to mechanical diffi- 
culties, nor a single instance of pitting, although practically every installation - ] 
of any considerable head has. been carefully watched for this trouble. 


. i. typical performance curve is shown in Fig. 33, wherein it will be noted oe 
that ta maximum hydraulic turbine efficiency of 91% reached in the field. 
of this particular unit is in Fig. 

Practically. all ‘installations: have followed the general practice conven- 
fiona for the Francis _type of runners, as ‘concerns the guide- -case, flume, « or 


‘inal casing. On the discharge side, practically every ‘fuser being has made use 


pad 


‘sequent necessity for as efficient a regain as possible. As 


| tciency at partial loads, as contrasted w with those of lower speed, such as 
the Francis type. For example, the efficiency at half load of a indian 

| = having a characteristic speed of 175 is about 66 per ‘cent. The corre- 


Ne *“A New Type of Hydraulic Turbine Runner for Low Head Installations”, by Forrest , a i 
Nagler, M. Am. Soc. C. E., Transactions, Am. Soc. Mech. Engrs., Vol. 41 (1919), ol 829. 4 
Am. Soc. Mech. Engrs., Vol. — 4 
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34.—EXAMPLES OF MopERN HIGH-SPEED SUCTION RUNNERS. 


pst HIGH-SPEED SUCTION RUNNER Ever INSTALLED FOR Li 


i 


i] 


sponding efficiency at half load of a ‘Francis | runner having | a specific ‘speed 

100 i is approximately "5 per cent. Francis runners of low capacity, for 


oe speeds of 40 or 50, have reached as high as 90% efficiency at half load, but 

these runners have not the characteristics that will permit of their epplication _ 
to low heads and, consequently, the comparison js a technical and not a prac- 
tical « one. In actual service, the tacoma at part gate is little. or no cory 


considerable factor when 1 there a are more e than t two ‘units bee n the station, because — 


| near the! ‘point of best efficiency, by the load Or by 


drawing on the pondage. ‘This possibility combined with the - fact the 

over-all operating efficiency of the high-speed unit under low-head conditions Wy 
(including the generator) is usually superior to that of a Francis unit, 


| this type economical regardless" of the : saving in initial cost. Figs. 30, 34 and 


35 show runners typical’ of both horizontal and vertical installations. con- 


is clear. ‘The: runner shown Fig. 35, built for Henry Ford and 
porated, Green Island development, : is 156 i in. in diameter, iW 000 Ib. in | weight, — 
and | cast in four sections. a operates at 80 rev. per ‘min. under a head ‘of 13 
ft.; its ‘discharge capacity ‘is about 85% that of the Keokuk runners, which — 
weigh about 179 000 Ib. ‘each and measure more than 17 ft. in outside diameter. 4 
One of the features encountered earliest in designing and experimenting 
‘vith this type of runner is the possibility of ° varying its capacity widely without — 
materially affecting its efficiency. It is simply a question of flattening the 
blade angles. European ‘Practice has apparently taken advantage of ‘this fact 
and carried the application of this even so far as to make the blades 
movable under control of the governor, either simultaneously with or separately — oe 


from the similar control of the guide-vane. Hydraulically, there i is no 
tion ¢ as to . the results; mechanically, such a construction may come well within ia 
the standards of J European practice, but the writer: does not believe that it will 
ever: become px popular: under American standards of ‘simplicity, of “ruggedness, 


. nd of high costs of labor. — ‘The need for such a construction does not enter — 
Into consideration when there are many units in the station. ~ Governors | are 

less and Tess a factor, and ‘the writer believes they, will ultimately 
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climination being due to ‘he fact that hydro- electric sy will be 
largely interconnected with steam power where regulation | is inherently less 


harmful to structures and to economy. — It is believed, however, that this feature his. 


of variable capacity will be utilized, not so much for its advantages in increas- _ 

8 par oad - efficiency, as for the possibilities it presents in 1 increasing the be 
capacity under conditions | of flood or low head. This feature has been utilized _ 


in numerous installations already built, construction details being used corre- > 


‘ponding to the : adjustment of ‘pitch on screw- pumps, which has long been the ae 
regular practice in the United States. 


 Ithas been a fairly well defined of the A Allis- Chalmers 1 Manufactur- 


Ing Company not to apply the suction type of runner to heads m | materially i in _ 
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excess of 30 ft., this’ being an arbitrary limit, although it is, supported by 
aimee data as well as by theoretical considerations. By departing from 
the pure suction type of runner with its minimum blade surface and by using 
blades of larger projeeted area, the limiting head can. undoubtedly be in- 
ion but it is the writer’s belief and ,experience that the considerable 
-inerease of projected area, either by reason of wider blades or a larger ‘number 


7 a blades, is accompanied by a very decided reduction of efficiency. It will 
"undoubtedly be. found that for certain installations, a definite gain in some 
other direction may counterbalance this particular. detrimental feature “and 
probably as experience grows, this general type will be. applied to higher and 
heads and to larger and larger capacities. 

that it is commercially advisable or sound: from a an, ‘engineering tn 
“ apply it to heads or capacities far’ outside the | range. of proven practice. A 
consistent adherence to this policy has enabled the achievement of an | operating 
record wherein there has been no single shut-down of a unit of as much as 

M-hours duration, due to conditions traceable to this type of runner. 

_ Governor regulation has not. been as perfect as that, obtained with corre- 
‘sponding types of Francis. units, but this is principally attributable to. the 


fact that, with the. higher enenn in question, the factor, W R?, of. the generator 


that obtained with aed: units by an amount unexplainable by. this reduction 


of regulating constant. oto bas O00 OTE ibs 


The high- speed of runner, due to its. higher and sometimes 
- critical velocities, is not conducive to as quiet a running machine as the 
_ Francis runner, perhaps in exactly the same way that the flow. conditions in 


a Francis Tunner are not conducive to as smooth operation as is possible w with | 
44 an overshot wheel. o/- othing, however, of a nature that would make it uncom- 
_ mercial has been experienced with this type when it is used under conditions 


to which _is inherently adapted, that is, low head and large 
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“HIGH I SPECIFIC SPEED HYDRAULIC TURBINES 
IN THEIR BEARING ON THE -PROPORTIONING OF 


NUMBER OF UNITS TS IN LOW-HE ‘HEAD 
‘HYDRO. ELECTRIC PLANTS 


can be 
. wheels (of which the specific speed, N,, 
to about and high- speed wheels (N, equal to about 175). ‘The 


‘dliciencies sh shown throughout paper are based on model runners of the 
size. ‘usually tested at the Holyoke flume, that is, about 39 sec-ft. discharge 
at L-ft. head. Under good conditions, it ‘is possible to “obtain better results ‘a 


larger wheels. in place. The data” and information 1 contained herein 

are obtained from tests” pony in the Holyoke flume and in the specially 


‘designed and constructed testing flume of the S. Morgan Smith Company. 


~The medium- speed runner used in these tests is of the ‘Francis type and — 
of normal design. ‘The high- -speed runner is a design first developed and 
used by The Theodore Bell Company, . Switzerland, and now being further 


“pany and owt “Morgan It is distinctive in that 
fewer blades than the usual high- ‘speed wheel, and the t total blade area - 


— 


Joos large. The hub i is also large, thus reducing the usual overhang 
of the buckets and providing a a large « cross-sectional area where each bucket . 
joins: the hub. An inspection of the curves will show that this wheel has 


peak ‘efficiency at t a load of about 90% ‘comparing very favorably with 
q 


the slower speed r runner in this respect. This is a desirable feature, because 
turbine can be operated at its: most economical point with a liberal 


allowance of power for regulating purposes, and, furthermore, this design 


assists in 1 obtaining high part-load efficiency. 


Ho For very low heads (30 to 40 ft. and less), the e comparison given herewith 


is possibly somewhat less favorable to the high- -speed wheel than it ‘should 


Fes because usually for these heads, if a Francis runner is is used, it will be ~ 
of a specific speed of about 100 to 110, and will have a slightly lower peak 
and considerably lower efficiency at one- -half to three- “quarter load, 
= a wheel with N a equal to about 18. _ Furthermore, this being | a com- ' 


parison of turbines only, the increased efficiency of the speed generator 


In this paper it will impossible ‘to present. a full 1 and complete dis- 


“cussion of this question, a comparison will be given of the results 
can be obtained with: Plants containing from two to eight units 


Fig. 36 the comparison between medium and high-speed wheels” 


ina Q-unit plant. Up to 50% load, of course, only one unit is in operation 
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the curve: is: the resultant or combined efficiency of the 
= the medium- speed wheels, when operating between 50 and 


higher ‘efficiency can be obtained by running one wheel a 


efficiency and supplying the remainder of. the ‘demanded power 3 
by running the second unit at at the required gate- opening » than by dividing 

the load equally. between the t units. The efficiency to be gained by the 
distribution of load” is shown. by the full and dotted lines (lower 
left, 36). The high-speed wheels show maximum efficiency when the 
4 oad i is equally divided. — In order to determine whether it is economical to 


divide the load equally | or ‘unequally between two or more units, it is neces-_ 


4 


| sary to caloulate each plant ‘separately, using‘ the curves which apply. On 
the left of Fig. 36 curves showing the average weighted - efficiency | have been — 


plotted, with the station operating : from 100% load to any other load between 


r 


= 
cy 


Efficien 


age 


t 


> and 50%, based on the load varying at a constant: rate. \ 


a The weighted efficiency for a given range of load is simply the total — 
output in horse- -power divided by the total input in water 


hours, the latter being actually computed from the discharge « curves, which — 


are not ‘shown on the diagrams. In computing the a average weighted 
efficiency for a ny given r range of. output, ‘it is obviously ne necessary to use 
definite load curve, and for purposes of comparison only -a_load curve has” 


been used which varies from the minimum to the maximum output at a 


ercen 


P 


a For | example, if the load. v: -varies from 40 to 100%, the average weighted 

“efficiency” is about 89. 5% for the 75 N, wheel and about 84. 5% for 
175 N, wheel. If the load varies from 0 to 100%, the e average weighted 
=< is about 87 '% for the 75 N, wheel and about 80% for the 175 : 


To obtain the correct efficiencies | for any given station, the “weighted 


averages ‘to the: load cu which applies to 


ncy 


or a gr 


he are plotted to show that, at | for 
the load varies from about 25 to 100%, it is sufficiently accurate, 


719843: eT 16 Bac. 
Perhaps, to use the mots easily determined arithmetical — rather than 


The possible exception to this statement is the high- -speed turbine for 


the 2-unit plant, where the difference e between the numerical and weighted 


efficiency is material. For the curves under discussion (Fig. the 
——mumerical, | efficiency is | is always less than the weighted efficiency, | but for r the 


tage Efficie 


Percen 


‘Tange where the curves are shown to be coincident, the are 


“small to be shown with the scale used, 


“unit plan 


— 
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90 
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im | 
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plant would meet high load 
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> arisons 4-unit plant, Fig. 38 for a 
9 for an 8-unit plant. It will be noted that with 
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fia 6 or 8-unit ; plant, me ‘medium speed, a an output equal to 50% or more 
| of the maximum > capacity, there is very little in “dividing: the 


‘Fig. 40 ‘shows how the average ‘the ‘number of 
units. The full lines are plotted “using” the averages for ranges of load 
starting with full load and decreasing at_ a constant rate to any percentage 
between 25 and 50, ‘the efficiency being practically constant for any range _ 
between, these limits. " The dotted lines are plotted using the a averages for 

3 a range of load from full output t to ‘Zero. The average efficiency for any a 
‘st ‘units, the ‘Tange load varying from full load to any 


‘point between 25% and zero, can easily be approximated. 


centage Efficie 


— 


2 
Per 


Efficiency Turbines from te to 100% 


Number of Units 


Tt is: intended ‘that these curve es be used | to determine the average 


efficiency of ‘medium or high-speed wheels; rather, the ‘averages § should be 
for each individual case. The curves simply indicate how the 


Mheels compare in general. ‘It must considered that if the station 


operated a greater length . of time at nearly full capacity than at the low 
capacity, the average efficiencies” will be increased over the values 


the averages of the high- speed wheels will increase more 


— mer, 


age Efficienc 
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RELATION OF 
EFFICIENCY AND 
SPECIFIC SPEED 
"BASED ON TEST MODELS 
{OF HOLYOKE SIZE | 
160 180 200s 2 
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4 41 shows the “efficiency-specific speed” curves for 1910, 1920, and 
the efficiencies being based on results ‘which can be obtained = the 
Holyoke flume, on wheels of the size usually tested. Undoubtedly, it is ae 
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possible to obtain better results on large wheels, witha: very good 
settings ! to note that little improvement has been. made 


since 1910 in low “specific speed wheels, and that the improvement since 
= is entirely in wheels with specific speeds” of 80 and higher. This eom- 


parison . emphasizes the reasons for present interest in wheels of high specific — 


perhaps, somewhat unfavorable to the high-speed wheel. To bring 
: = average efficiency of the high-speed wheel to a Point more nearly equa g 
te that of the lo -speed wheel, it ‘is necessary to increase the ‘efficiency of 
former. An i 
using high- speed wheels ofa a a specific speed ‘somewhat less. ‘than thew selected. 
Not only would this give a substantial increase in the peak efficiency, ae 


part- -load efficiencies are increased to even a ‘greater extent. 


COMPARISON OF TURBINES| 
| MEDIUM AND HIGH SPECIFIC SPEEDS 


NORMAL HEAD 20 FEET 


and Peroentage of Normal Fall Load bakin: a ri 


bus 
o attempt has been to show a comparison of “the average 


under variable. conditions. ‘Fig. 42 "shows that the high- 


7 "speed wheel has a better range at variable speed or variable head than the 


medium- speed turbine. power and efficiency of the high- -speed wheel hold 

up particularly well ‘under low-head conditions. It follows, therefore, that 
where the _ percentage of head variation ion considerable, the comparison 
between wheels will be somewhat more favorable to the high- “speed 
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occasion to compare a a using 


‘The difference between tests is at no to 


wien 


equal 


ey of EUROPEAN AND HOLYOKE TESTS 


"| SAME HIGH SPEED RUNNER 
SPECIFIC SPEED 175. 


Fig. 44 has been 
The runner is 19 in. in discharge and the efficiency 


differential between size and one of ‘normal size the Holyoke 
fr +P on 
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ROPELLER TY PE Ww ATER. INE 


- ‘The records of the United States Patent Office for the last fifty year 


will show that parallel to the cases of the Francis and Pelton wheels, pionet 


work was done i in America on water turbines of the propeller type. = ot a . 


as the commercial demand during that period was for comparatively slow-speed_ 
‘machines, the "propeller turbine a apparently neglected in 1 favor of the 


so-called Francis type for use under low heads. ds, 


he writer has no o record of early European inventions le ae 


‘propeller type. Reference may be made. , however, to the ‘old Jonval type 
turbine which was occasionally built with ‘rimless runners, with the blades 
strongly bent, curved, to suit the slow speed for which turbines” 


‘Tt was ne not about 101° that the publication of the ‘studies 


experiments of ‘Professor Viktor Kaplan, of Briinn, drew "serious attention 


to the ossibilities of the propeller type turbine. This has resulted in its” 


development both in Europe and America. 


__ The commercial application of the propeller turbine in Europe » was un- 

doubtedly retarded by World W ar; ; nevertheless, not , noteworthy “progress 
has been made. ‘This is indicated by the number of power plants which | 
" various adaptations of wheels of the propeller type h have been installed and 


the ‘number of companies building that type. Furthermore, designs have 
7 highly developed by intensive study by a number of manufacturers, 
coupled w. with: ‘much experimental work in numerous well- appointed testing 


This p paper makes no attempt to cover the entire subject of the application — 


_ of the propeller turbine in Europe, and only gives brief descriptions of a few 


developments selected from data readily available, — 


_ ‘The first to be referred to is the Lilla Edet Station (Fig. 1+ and Figs. 45 _ ; 
to 48) built by the Swedish | Government. station contains ‘three 


.* vertical shaft. units, each of a nominal capacity of 10000 hp, at 62.5 rev. 


per min., ‘under a normal head of 21.3 ft. (6.5 ). 
4 One ‘of the turbine units is of the Kaplan type with a propeller wheel, ; 
19 ft. 81 m. ) in. diameter, over the tips of four “horizontally disposed blades 
(Figs. 46 and 48). os It was built by the Verkstaden in Kristinehamn, Sweden. — 
A most interesting feature of tl this unit is the use of movable runner blades — 7 
» which are pivoted in the runner hub } 80 that the angle of the blades can 


varied i in _aceordance with the opening and of ‘the turbine, 
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bine under a head of 21.3 ft. 5m m.) is 11200 hp. (metric), from 


Wheel. 
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ii PLAN VIEW 
LILLA EDET STATION 


Seale in Mete 


Figs. 1 3*), each “sae diagonally 
blades, 19. 6 (6 m.) over the tips. . These two units were built 
by the A- B Finshattan,, . The guaranteed output of each | of the Lawaczeck 

turbines under head 21.3 (6.5 m.), is 10 400 hp. etri 

which a specific speed 
final designs of the Lilla Edet 
draft- tubes, were evolved after: experimentation in ‘testing 

using model runners up to 3.27 ft. a m.) in diameter. . Various v well- known 7 

forms « ot draft- tubes: were tested before the decision use the elbow type 
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THE KAPLAN RUNNER 
AT LILLA EDET 


Central Station “of the City bult by Bell 


and Company of Kriens, Switzerland Fie. 49). Although this is a very” 
installation, the of the runner makes it of particular interest. 


BLE 3.—CoMPARISON OF Larce Sincue- RUNNER ‘Water 


Head, Generator 4 Speed, 

output, in revolutions (approximate), 
horse-power. | per minute. | | in second-feet. 


Isle Maligne, Canada 
Manitoba PowerCompany,Canada; 56 | 


—- 


— oR TURBINE IN (Papers, 

| 
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— | 
25 ft. (3.45 m.) 200....... ++ 


dy 


MATTE TURBIN VERTICAL SECTION 
E | 1G THROUGH 


| 
The form of the runner is interesting it is a _two- serew type, 
each blade covering about 180° of the . The final design 


the unit followed extensive experiments in the testing flume of the manu- 


4 he | construction of the oe turbine and its ts efficiency curve are shown 


Tie 
of the installations: is that of the 


- ‘per min, under a ‘a variable head of 8.2 ft. Q. 5 m.) to 17 ft. (5. 2 m. . These 


units were furnished | by the » Ateliers de Construction Mecaniques de Vevey. 
Acceptance tests of these turbines indicate a ‘maximum | efficiency of 89%, 


with a specific ‘speed of 165 ft- lb. units (728 metric), when operating under 
head of 17 (5.2 Under a head of 8.2 ft. (25 m.), at 85% 
4 efficiency, the specific speed is g given as 195 ft-lb. units (862 m 1etric) oF 
The design of the turbine runner was: developed with the assistance of 
tests of models in. (380 mm.) in in diameter. e generator coupled to the 
ynau ‘turbine i s designed a runway speed of 9.7 times normal 


speed of 107 ‘rev. per m min. = . In Figs. BO, 51, , and 55 are shown details of the 
construction and performance of the Wyn nau turbine. 


a _ The writer particularly regrets that he is _ not in a position to present 


the developments made by Escher Wyss and Company, of Zurich, Switzerland, | 


which shave followed | very remarkable results obtained flume. 
Fig. 


wath has a nominal of 2 700 hp. p. and operates at 107 re rev. 
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‘ From this, the specific speed may be computed as about 165 ft-lb. units © a Pe 
(725 metric), at 200 rev. per min., and 216 ft-lb. units (955 metric), at © sie 
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ion _ reluetance on the part of European turbine manufacturers and engineers 
ae ae publish the results of their findings in respect to propeller type turbines, §§ [i 
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PROPELLER ‘TYPE WATER TURBINE IN 
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Fic. 55.—ViEw or RUNNER AND GUIDE APPARATUS 


OF THE WYNAU ‘TURBINE 


+. 56.—OPERATING ROOM FOR TESTING FLUME OF ESCHER 


Wyss AND COMPANY, ZURICH, SWITZERLAND. 


4 


24 


ta 


— I. 
—— 


Papers.] = PROPELLER TY WATE U 


Ih the descriptions given, references to the testi ine of: model runners in 


the dev velopment of the turbine designs hav have been made, which testing, it 


easy to believe, is very important in ‘respect to the propeller type. runner. 
It appears, , therefore, not without the scope + this ee to show Figs. 52, 53, 


runners to. by the writer. 
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OF UNITS IN ‘PLANTS 
PROPORTIONING OF UN 


a paper delivered before the American Society of Civil 
October 1922,+ the writer indicated certain tendencies in present w water 


re 
_ ‘power | development, the m more e important of which were developments i in storage 
and interconnection and a ‘tendency toward increase in the size of units. — = 
Increased interconnection has" accomplished two important results: ‘First, 


by broadening the market, it has made it possible to consider the distribution 
in the; general market of the | output of the large c continuous powers of boundary 


: permit not ; only the selective development of individual plants | but will 1 make 
possible: the unified development of entire streams for peak p power ‘capacity. “= 4 
van If it is assumed that the average present installation n on tl the interior streams 
is about equal to the average flow and that such a stream } may be completely 
regulated s so that the minimum flow will be brought | up to the average flow, a 
development of this stream for 8-hour peak power 7 will require three times the 
present installation. The development regulated streams for peak power 
capacity requires that the time element between plants be eliminated, if 
_ possible, in order that the peak capacity in all the plants may be synchronous 
with the peak demand. This requires a continuous chain of ‘plants: with 
~ sufficient capacity in each pond to correct the time of travel of the water from 
_ the preceding pond. In order to make the chain continuous it is necessary on 
the average ‘stream to develop relatively low-head plants which might not 
otherwisebe economical 
tk the plans for development of b boundary streams a number of relatively 
/ Tow-hea head plants have been proposed . At the same time the uniformity of both 
4 the continuous and regulated flows insures the operation of larger units at full 
- capacity and best efficiency. _ There i is_a rapidly i increasing - demand, therefore, 
for larger ¢ capacity 1 units operating under relatively low heads. be we », 
proportioning units for a plant, the. ‘controlling factors in determining 
= number of units, assuming load regulation be provided from | other: 
7 _ sources, are: Maximum head an and variation in head; character of the stream 
* 3g flow; speed of units; ; efficiency; at ; and velocity ¢ of approach a1 and discharge ‘of water. 
»4 Ae The writer does not propose to discuss in detail the variations in head and 
flow : as they represent special problems to seal considered and determined : for 


For: ordinary service on a inidiliagitin flow and varying load the Francis 
: ‘om wheel with its relatively flat efficiency curve at varying flows is the al ‘The 


— Storage on inteiiien streams, now in process of construction or proposed, will 


“Present Tendencies of Water Power Development in New York 
Am. Soc. C. E.. Vol. LXXXVI (1923), p. 
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limit of size in 1 Francis wheels : for low heads is soon reached, due to > decrease o 0 
speed in | proportion to the i increase in size. eee WPL ast 
Fora 30- ft. head the normal Francis runner operating at full efficiency 
‘should have a specific speed of about 90. For a 30-ft. head and specific | speed 


of 90 the characteristics of normal Francis wheels of various sizes would be . 


Revolutions per minute 


a At the largest size shown, ‘the size and cost of the wheel and generator 


800 


| make become almost prohibitive. ‘It: will be readily seen therefore that s speed fixes a 
y: - definite limit to the economic size of Francis wheels for low-head developments. 
treams Various exper iments have been made with special designs and | modifications of 
pletely | Francis wheels to exceed the normal specific speeds, but, in the writer’s opinion, 7 
flow, a = do not promise a solution of the problem. © 
nes the _ As has been stated, designers and manufacturers, both i in the United States _ 
power ff “a abroad, have put at'the disposal of the constructor a and operator special types 
ted, if of wheels to meet this situation, which heretofore have been called propeller” 
ronous wheels. _ These wheels have somewhat different designs and different t spheres of a 
with | ‘usefulness, but they have the “common object and result of increasing the 
from specific speed at a slight loss in maximum efficiency. 
sary On The result is increase in speed of wheel and generator for a given quantity - 
sht not ff of water and consequent decrease in cost of wheel and generator ora —— 
the “number of “units, resulting ‘power-house Savings. A normal 
latively propeller wheel operating on a 30- ‘ft. head will probably take 4.000 cu. ft per 
of both see. of water at 85 rev. per min. and therefore would be roughly equivalent 1 to . 
at full the 2000 cu. ft. per sec. Francis wheel operating at the s same ‘speed although 
the propeller wheel will ll develop 1 nearly twice the power. 
it would appear also that the limit of size of units for low heads 
mining substantially doubled, if 50 rev. per min. is considered to be a reasonable — 
n other § mum speed for both types. It is true that all the s0- -called propeller wheels, _ 
stream except the type with movable blades, have increasingly y lower: relative efficiencies | 
see” at ‘Part gates” than the Francis wheels. _ This is of no importance in co con- 
ea ni 


‘tinuous plants of Ie large flow where the number of units is so o great that. 
‘sufficient flexibility. can be obtained by combinations of f units. < On stream- flow 
plants, on the other hand, it is probable that at low flows the combinations of aa 


ned for | 


Francis propeller wheels” of large flow might give low efficiency and capacity | at the 
al. The ‘Most critical periods” and that economy will dictate the ‘use of two types of 
an Wheels | of which the majority will be propellers and the minority either Francis ; 


n sactions, 


Wheels, 0: or special wheels ae characteristics similar to those of of the Kaplan 
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s has already b been done abroad for a low- chead plant, as a as at Lilla 
pee peak sian plants it will be easier to arrive at a compromise in the 

_ number of units which at the same time will ‘permit: a large wheel and efii- 
eieney at relatively small daily flows; : since it t will be. possible to operate for a 
relativ ely short time | on a concentrated flow. en 


Bh characteristics of the propeller type which should be considered are 


that efficiencies at heads and that: they must be 


4 propeller type are very similar to those of the Francis type: and in low -head 


‘plants. of large flow w these limitations are already presenting g serious problems 


4 

the design and construction of waterways, 
: Already, under some conditions, the provisions of adequate water passa 
are of more influence i in limiting the size of the units than the characteristics 


of the wheels, and with i increasing ‘use of wheels of the propeller type in large 
units, the influence of these hydraulic limitations will increase. _ They may 


2, ¥ even be finally responsible for placing a a definite limit to the increase in size of 


tive 


units for nts of large flow and relatively low head. 


fers 


oR a t awolt wol 4 B dodt oldadory af at baad 4 odie 


1004 OF | 
— 
— | Ra 
chie 
diffi 
lem: 
the 
trod 
agin 
wha 
vert 
i 
— 
bet 
is 
ka 
deg 
the 
To 
st 
the 
a 
a 
=i. 
Me 


= =" 
{ 


THE ENGINEER AS AR EXECUTIVE* 


JULIUS KRUTTSCHNITT, + Esq. 


‘To judge of ee of 
‘Railroad Executive”, a comprehensive survey of the devolving on 
yw-head 


roblems chief executive officer of a railroad under present- -day conditions and of the 


dificulties wl which he has to overcome, must be made. Not only ‘must the ze 


| oes that require solution be considered but the limitations imposed by law 
on the -Tevenues of railroads and the extent of control of their expenses - that 


‘the executive is permitted to exercise. i ro seems appropriate, therefore, to in- 
troduce a quite full outline of the problems that confront the responsible man- 


aging officer, to show the extent to which so far he has solved them, and to 


what extent they remain unsolved, ‘then to ‘show how the ¢ “engineer has 
risen to new responsibilities, and what recognition stockholders and directors 
| of railroads have accorded to his fitness | to administer their properties. jovt © e 


7 Fundamentally, a railroad i is a huge manufacturing plant designed to. con- 


vert the energy ‘locked up in fuel into work, for transporting persons 
property | on specially designed r roadways. — ‘The « energy conversion is by means 7 
of individually operated locomotive units, , and | the success of the entire plant, 7 


measured by the spread between production costs of output, measured in pas- 


senger- -miles” and ton-miles, and in “selling” prices, depends on the efficient 
‘attain the maximum or ¢ even: success in | 
between the cost and sales prices of output, the necessary executive and admin- 


istrative work can best. be done by men specially trained i in those branches al 


‘degree of which depends success or failure; and the most important ‘diy “4 

the chief executive is to so select his official staff | as to attain the best results. 

Top pass intelligently on the qualifications of his staff and their recommenda- “Ss F 
tions that may reach him—in other words, to avoid being a mere “rubber 7 
stamp” to approve whatever i is laid before him—requires a fair knowledge of 

the functions of each department head by the chief executive. 
ill At the outset, the Speake will explain the causes that have brought about — ros 

the Twentieth Century, conditions ‘that have obstructed successful 

to an extent never theretofore encountered, and then show how 


~ 


pa Address before the New York Section of the American Society of Civil. Engineers, in 
Joint Meeting with the New York Sections of the American Institute of Electrical _Engi- a 
Pen the American Society of Mechanical Engineers, the American Institute of Mining and 7 
‘Metallurgical Engineers, and the New York Electrical Society, March 18, (1925, 

died ¢ Chairman, Executive Committee, Southern Pacific Co., New York, N.Y. Mr. Kruttschnitt 
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‘talent has adapted the railroads to these new conditions and so far has | averted 
From Fig. 1 it will be observed that the rise of prices of all commodities 
throughout the country, started by the outbreak | of the World War in the 
_ summer of 1914, ¢ culminated i in _ the United States in wis: 1920, when “the 
index number of wholesale e prices showed an increase of 236% above the 
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— RELATION Purces, RAILWAY WacEs, FREIGHT RATES, AND Np RETURNS on 


INVESTMENT FOR TWENTY-FIVE YEARS COMPARED WITH DATA FOR 


SS 
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; _ corresponding number i in 1900. * Starting from the base index number—taken 


as 100 in /1900—there was a slight, fall in 1901, but in 1902 ; prices were 4% 
above those of 1900 and, with some reversals, the rise was | continuous » to the 
__ outbreak of the World War, when they were 20% higher than in | 1900. “At 
the date. of America’ s entry into the war, the index number | of wholesale prices 
was 120% above that of 1900. ‘The. fall from the peak of 236% over 1900 in 
a” 1920 was rapid to 83% above 1900 i in the middle of 1921, since when th there have 
been fluctuations leading to the figure of 94% a above —_ in n December, 1924 
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2 During the 17 years from 1900 to to 1917, the average railway freight ra 

in the United States remained n nearly stationary. Siam there were oo 

that affected the average but never sufficiently to raise it over 5 to 7% above 

1900, so that when the United ‘States entered the World War the average 

freight rate was almost: exactly the | “same as it was 17 years theretofore, , but 

in 17 years average prices had risen 120% and wages of railway employees. 

had risen 77 per | cent. _ At the beginning of the century, 25° years ago, the 

average qenting ratio for all the roads of the United States was 65 per cent. 

Under Government operation | it rose in 1920 to 94. 3% and for the twelve 

months of 1924, after four years of private operation, it fell to 76. 14 per « cent. 

These data are quoted to show how the spread between revenues and nines os 

has shrunk, and how narrow a margin exists at the present time out of which 

to pay i interest on m. obligations and dividends on ons stocks. Aart 

in 1900 substantially - venialied 3 in 1920 on the return of the railroads to thelr 

owners by the Government, and never since that time has equalled the 1900 a 

return. For 1924 it was only 96% thereof, or 4. 35%; since ‘then it 


fallen still farther below the statutory return prescribed by as Treason- 


a ~The the: difference in the kind’ talen t 
required on railroads now and 25 ‘years ago. _ At the end of the Nineteenth _ _ 

Century, 35 cents net out of every ¢ dollar could be turned into the Treasury, 
while at the present time only 24 cents, or 32% less, can be turned in. os — 
‘Tequires the closest kind of management and the ‘services of very ‘much 1 more 
highly trained executives to : meet all money 1 t 

operating: ‘expenses es with only 24 cents out of every dollar. “ To get the most 
work ou out fuel, the largest ‘material item of “operating: expenses, taxes the 
of "substantially every ‘department on a railroad, and to obtain the 

best results requires the highest talent in a great many different branches 
of engineering. . The eo course of Civil Engineering i in leading universities 


embraces ¢ courses in the allied sciences of Mechanical and Electrical. | Engi- | 
“neering, and the important principles physics, chemistry, geology, and 

- economics, 80 that the executive who has enjoyed the training afforded in a 7 

-divil engineering course is peculiarly w well fitted for co- ordinating and guiding i 

. the n numerous operating activities on railroads and for securing the maximum — L 
output of salable products at minimum costs. An analysis of operations that _ : 
produce tr ansportation units will show that the engineer. who has been trained . 

| to secure desired ends in the most practical, efficient, and least « expensive way 

“ean best contribute to the success of a railroad enterprise, and will indicate - 

the directions in which he should prepare himself in college for executive 
duties, and will correspondingly indicate to ‘the owners of railroads, other 

things | being equal, the qualifications to seek in managers. OF USS 

ms Tepeat—viewing the railroad as a manufacturing plant t designed for the 


war Purpose of creating the 1 maximum n of transportation units out of the mini- 
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; output, from the sale of which the railroad - must secure its 
ov Enumerating some of dons activities of a railroad will show how numerous 
are the demands made on a chief executive, and at the same time will show 
to a certain extent how the - problems that confront: him have been | partly 
solved or are still demanding study for their solution. 


[—Executive DeparTMENT 


‘The wise executive: will spare no expense in establishing an Accounting 
epartment to keep track of earnings and expenses ; to record the history of 
a= to act as general inspectors; to expose poor results as prerequisites 7 
ia to their correction 3 to work up promptly cost data of every important item 
Br of operating expense and as promptly to put them in the hands of all 


cer erned. | While the | exper lence e of the men who make the decisions will usually 


~ 


in both capital and operating expenses, a railroad officer should not be satisfied 
unless he has definite figures | on which to base decisions. The record traffic 


ov 


handled with record efficiency in. 1917 was the pene ah tee railroads to 
the 2 monthly data sheets first issued by the Railroads’ War Board; ‘these are 
now issued in even more detail by the ‘Interstate Commerce Cention and 
1 Bureau of Railway. Economics. Fuel accounts kept with individual engi- 
| 
“neers and firemen and locomotives furnish railroads with data from which 
to decide definitely . what type of locomotive is the most economical for their | 
use, and whether the expense of applying and maintaining» some of the aaaiadl 
“The location of a 1 railroad is giving it its ‘Constitution. It may be sic k 
almost unto— death with accidents of construction and management, but with 
= 
a good Constitution it. will, ultimately recover. The. board of directors, 
advised by the chief executive, must pronounce on the location of idee ‘railroad 
- between its termini; it allots the amount of money to be spent. on construction; =f 
- fixes the | grade and curve systems, because the ideally perfect railroad, between 
- given points, should be absolutely straight and of uniform grade, that is, 
- devoid of undulations in alignment or profile. . The expense of operation will ; 
_ inerease in proportion to'the grade and curve resistance involved in departures 
from the ideal line, and, the extent of departure must be authorized by the | 
board, 0 on which devolves the duty of. providing the money for construction. 
Whenever a ton weight i is lifted 1 ft., an amount of work equivalent to moving i it 
338 ft. over a straight, level track is spent; and every time a ton weight of 
_ train is foreed through 100 ft. of 1° curve, the work done in deflecting i it from 
a straight to a curved path is equivalent rh moving the same ton over x 163 ft. | 


of straight, “level: track. The equated length the old line of the Central 


4 keep them from going far wrong, yet in matters involving 1 millions of dollars 


Pacific b between Ogden and Lucin, Utah, compared with h the new J Lucin Cut-Off 
el is as 280 to 129 miles; 1 Ib. of fuel on the new line moves as much tonnage 
The] Executive ‘Department must determine the justifiable outlay to reduce 
grades and curvatures on existing lines, as obviously ‘the expenditure necessary 


to obtain a straight line between two. points without any undulations in in grade 
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lengths and numbers of sidings the waste can be minimized. — Ingenious graphs 


THE ENGINEER AS A tAILROAD EXECUTIVE 
might ht be commercially prohibitive. It i is, therefore, of the greatest importance — . 
“for the « commercial s success of a railroad to balance the n money cost of approach- 


ing as nearly ; as possible ideal conditions with the. benefits, 7b 


on the line. the chief ¢ executive rests the 


sibility of balancing 1 the interest, maintenance, and depreciation costs on large, _ 
capital expenditures against possible savings, and of providing the necessary 


‘The ‘Traffic ‘Department is the sales department of ‘dhe! ‘and i 


contract specifications as to loads in cars and character of service sa a 


‘wefound influence on net earnings. tt requires 41% less power to haul 50° 


TENANCE OF 


to of locomotives and cars ide 


re ‘limits with the condition of the track. The train resistance figure commonly — a 


used of 6 ‘Ib. D. per ton Q 000 Ib. ) at low speed assumes track i in good condition. 7 
It may Vv very easily be two or three times that pinion on track laid with light — 


‘ail, poorly maintained, in bad surface, and with low joints, ete. 


the work to wheels out of the caused by 


a About one-fifth of all locomotive coal Gn 1921 this amounted to 25 000 00 


tons) was consumed. when the locomotive was not doing useful work: in firing | 


wp, in n waiting for trains, in standing on sidings and passing tracks, in delays — 
terminals, drawing fire, and waiting at ash- -pits. This consumption is not 


Bo oduetive, nor is it all waste. By re-designing terminals and increasing the _ 


on which | obstructions to traffic are likened to obstructions ' to the flow of water 


. incrusted pipes have proved of great assistance to indicate how to nde 

the capacity of the line and defer double- -tracking, 

th designing locomotives, the features exercising the ‘greatest influence 

on fuel efficiency are: Careful and expert proportioning of engines, boilers, 


fireboxes, grates, flues, draft appliances, so as to produce by their combination 


most perfect device to extract from fuels their full heat contents. Barely 
of the energy in fuels is ‘now. extracted and converted work. 


While it is customary to speak of the waste of fuel in the average loeos! 


‘motive, the extremely unfavorable conditions under which it | is required to 


' 
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ch as installing automatic block signals, re-designing terminals, modern- 
ag 
more to haul a given load at 40 than at 20 miles per hour. 
— 
the rail and the better the ballast, the eas S é 1 ali ASE 
— 
~ 
on will 
ight of 
it trom 
163 at. 
Central 
Cut-Off 
— 
-reduce 
| — 
i 
— 


EER AS A RAILROAD EXECUTIVE (Papers. 


not be forgotten. Space limitations have thus far prev wented: the 
successful use of condensing engines, and» this has deprived the locomotive 


of the advantage of 12 to 138 lb. additional effective cylinder pressure. It is 


; _ driven through | all kinds of v weather at high speed, 80 that radiation losses a are 


be which expels much unburned fuel the firebox; the 
effect of all this is evidenced i in low thermal efficiency. 


oe me ‘With the increase in the power of locomotives and the use of higher “nigel 
| = , mathematical talent instead of “rule- -of-thumb” has been called on 


to compute stresses and to proportion parts. | Questions as to ‘the adoption of 
’ , alleged improvements are difficult to decide, as they involve first cost, interest, 


_ maintenance and | depreciation, their possible “effect on engine failures and the 


time of locomotives: while undergoing ‘repairs. Sometimes “economy 0 of 


operation is sacrificed to » facilitate adjustment and | Tepairs, , as when outside 


gears replaced the original Stephenson link motion. 
he practice of buying locomotives regardless of their adaptability to 


special service, a as was done during Federal ‘control, simply because they could 

be built in quantity at some reduction in cost, is recognized by competent 

Ju ges as the poorest cind of economy. 


ala The brake thermal efficiency—or the percentage of ‘energy in in the f fuel trans- 
formed into work—for variou engines is as follows: 


Non- condensing steam locomotives at maximum 


airs equipped with proven fuel- economizing devices. 17.3 to 8. y 
Some o of ved e problems that have been closely studied and have — solved 


Brick Arches. —Brick arches built i into the firebox mix the entering air 


poe thoroughly with the combustible gases rising from the fire and save on some 
types: of locomotives about 12 per cent. 


a _ Superheatin g. —The advantages resulting from the use of superheated ste am 


are due mainly to: 

(a) Prevention of ‘cylinder condensation and aut 


q _ Since ‘the cylinder takes the same volume of steam per stroke for ‘the same 


-off, it is obvious that substantially less pounds of steam will be us 0 


same work done. Superheating may save 20%. of the fuel. 
—Feed- -water heaters utilize waste heat to ra 
aig of the feed water, thereby relieving the fuel in the firebox from 
ating the an water from an up to 220 220° ‘Fahr. 
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ad average effect of these three devi 


-senger and freight locomotives of various types | and speeds i iné service is: 


eee ee eee eee se 


‘These figures vary vary widely for. different locomotives, and classes of 


The savings claimed for 1 the various fuel-saving devices | are gross figures. 

The cost of ‘application is quite large, and i in some cases not justified by the 


terest, age or obsolescence of the locomotive ; in others, it is beyond the financial | 


ability of railroads | to apply them; hence care must be taken to balance the = 


cost of interest, maintenance, and depreciation against the value of ‘the fuel 
‘saved. The net saving so -determined—not the gross—will show whether or 


money to provide the appliances can can be providently expended. Expe pe- 


rience shows that thus tested the gross saving of ‘superheaters i is reduced ned 
bs to about 17.4%; ; of feed-r water heaters from 10 to about 6 per cent. ren 


petent - Boosters—Under normal conditions a locomotive can haul a as much, ¢ or 


ity 


- even more, load than it ‘ean start. The booster consists of a pair of inde- 


“pendent engines coupled to the trailer wheels of locomotives, toe we 


-trans- 


ect, 


‘izing weight not otherwise used for traction, i in. - starting and quickly acceler- 
ating trains and in reducing violent. shocks in starting, which are so hard 
on draft gear ¢ ‘and the temper of passengers. As its power cuts out automati- — 
ty ata. speed of 10 miles per hour, it uses steam at low speeds when the © 


boiler can over- r-supply the main cylinders. It is, therefore, an indirect but 
valuable fuel saver pera increased locomotive capacity. _ The booster can 


add about 10% to he starting drawbar pull of heavy freight and as’ 
as 25 to 35% to ‘the starting drawbar pull of lighter passenger - locomotives. ae 


_-Feed-Water Purifiers—After selecting the softest natural feed waters, 
such others as may have to be used | should be chemically treated to reduce 


“objectionable impurities to a minimum. , conservative estimate of the effect 
of scale vs in. thick on flues is to increase fuel consumption 10 per cent. 4 ‘The 


Hungarian State Railroads on 3 000 use a mechanical feed- water 


and on this adjunct: to ‘the boiler of in -the eter’ the flues. 
With reduction of scale there is a direct saving in fuel consumption, _ 


a reduction i in frequency of boiler ‘washings saves | considerable t time e and fuel. 


- Without . the purifier, locomotives were washed on an average every 5 days; yes 
the purifier, the required washing was once every 54 days. 


Lubrication.- —All journal bearings must be carefully lubricated to reduce 


ise ‘the friction; so must the center and side-bearings of cars, the friction of which 
< from zene the adjustment of trucks on entering and leaving curves and thereby, 


the aggregate, causes a heavy increase, in the resistance to that 
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os) Wear on an wheels of locomotives, tenders, and cars must be watched! If 

the treads are worn hollow or ‘flanges worn vertical, the areas in contact with 

‘the rails when cars are oscillating or rounding curves will be increased and 


the friction correspondingly “increased. heavy freight locomotive, tender, 


caboose, and sixty freight cars are . carried on more than 500 wheels; a slight 


increase in the friction on a few of them only would, in the aggregate, cr create 


- Flan ge Lubrication. —Flange lubrication reduces friction between rail and 


flanges and, therefore, has a substantial effect in reducing fuel consumption. 


On ‘two roads where flange lubrication used, locomotive tires shower 
av erage mileages between turnings of 33 000 and 44 000, ‘respectively, com- 
pared with 16 000 and 23 000 without such Tubrication. Similarly the 


on rails i in curves showed a reduction of as high : as 87] per cent. On one road 


of ‘excessive curvature and grade the life of locomotive tires” increased. 


ba: Puel Specifications. he insure full heat value the specifications for fuels 

should cover their value i in British thermal ‘units. 
Maximum Loads: in ‘Vehicles. —Freight cars should be fully loaded as far 


as may be. ‘The resistance of a train of empty freight cars may run up to 
8 Ib. per ton; ‘that of cars with average loads. to 6 Ib. _ per ton, while ‘that of 
heavily loaded cars, of total weight, 60 to 70 mn: may be as low as 4 lb. per 


i ton. The load, in ‘other words, should be carried in as few cars as possible. boxy 


Mas 


Reduction of Dead Weight. —As the expenditure of fuel i in hauling a ton 


Exh the same whether or not it is ‘paying ‘freight, it is evident that the ‘smaller 


oO 


he percentage of non-paying or dead weight to to total weight. moved, the smaller 


be ‘the: cost of hauling the paying freight. [aut of. 


United States | Railroad Administration’ s 50-ton, si single: ‘sheathed box 


car weighs 47 200 lb.; American Railway Association’s 50- ton box- cat 


design weighs 42 400 Ib. Thus, the « excess weight of the United States Railroad 


's car is 4 800 lb., or 11.3 per cent. 7 
= oi. _ Based on 1923 data, the saving in fuel by eliminating this excess wid 
| 
is $9.7 17 “per car. per. year, or $4. 10 per ton, which, ‘capitalized at 5%, shows 


that an added initial expense of $82 in building a car is justified to reduce 
As far as” practicable all weight i in a locomotive above what i is s needed for 
friction to develop t traction should be eliminated. ad}, oF i 


7 sa oti Boiler « design to ‘suit the class « of service, and ‘the character of the fuel, 


1 Stimulation of Interest t and Co-Operation t mn ‘Saving ‘Fuel. —Assuming , that 


- locomotives are properly maintained, in order to obtain the best results from 
a uring ; fuel it is necessary to inspire the interest and secure the co- -operation 


n the foot-boards of 65000 traveling power plants. — How these 
ined will appear from a brief of the practice on a large system 


tote many Sta tes and operated ‘under the m most varied topographical and 


climatic conditions: 
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t with 
d ‘the ¢ engine begins its trip,’ very thorough monthly inspections are | made of all 
me of the engines, boiler and appliances, draft arrangements, ete. r 
slight bs —Classified statistics ; supply a complete history | of operation. . To be of. 
mos st use they are immediately after beri occurrences they record: 
oar (a) A fuel bureau receives the report of all train and locomotive move- 
il and ments within o days. Ton- miles, fuel consumed per 1 000 ton-— 
iption. miles, tons per train for: each individual locomotive and each | 
individual eng ineer and fireman are then computed, and the re- 
the superintendent’s h inds three to six days after 
eom- su s ha 
‘wear ‘Movement, so that shortcomings can be detected and quickly 
Monthly statements of individual performance of engineers, fire- 
net o 
r fuels oO A pees recapitulating results by divisions is ‘issued ‘monthly. mits 5 
—On each division fuel committee of four engineers, four 
as far firemen, one conductor and one brakeman, serves for six months and holds ~ —_ 
up to meetings bi- -monthly, the superintendent acting as chairman. The’ ‘meetings 
that of well advertised and are attended by the ‘superintendent’s ‘staff ‘and em- 
lb. per from all related departments, who offer ‘suggestions freely. _Experts 
ible. on operating methods and appliances deliver addresses. Motion pictures illus- 
y a ton trating actual road conditions ar are . exhibited. . Minutes 0 of meetings are ee 
smaller distributed and published ir in an employees’ magazine. _ 
smaller create emulation between divisions, a red silk banner is awarded 
loo 
auarterly to divisions showing the greatest improv ement in the previous year. 
1ed_ box pe —Gold- plated cap badges are awarded quarterly on each division to the 
box-car engineer and fireman une the > best fuel inne in through an and local freight — a 
tailroad passenger service, 
 6.—Each superintendent publishes the n names of five engineers and five 
weight, firemen having the best fuel records for the month in through and local freight, _ 
, shows passenger, and yard service on a roll of honor, which is ‘posted i in vee 
and printed i in an employees’ magazine. A letter of commendation is sent 
ded for ( —The con company sends yearly, at its expense, thirty- eight 1 men, 
+. a  &§ oof an | engineer ¢ and a fireman from each division with the best fuel records, — 
— | as its representatives to the Annual Convention of the International Railway 
that As a result of the ‘policy. described and of: many fuel- ing devices, the 
ing 
Its from moved 50% more gross ton- -miles. per. of fuel in 1924 than 


About 20 20% ‘of all locomotive fuel is consumed the js not 
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slude fuel used in firing up, unconsumed fuel drawn 


‘aan fireboxes, from blowing off and cooling down at end of runs, and losses in- 
curred while w waiting for water, sand, and other ‘supplies « on roundhouse tracks. 
_ These can be: very greatly lessened by reducing the frequency of these occa 


_ sions, that is, by lengthening locomotive runs. ae 4 is not uncommon now to 
freight locomotives over or three freight divisions, passenger 


4 _ locomotives over four before cooling them. Tables 1 and 2 give some examples 


BLE 1.—Passencer Runs or 575 AND More. 


Los Angeles, Calif., to El Paso, Tex..... bya) 


-|Parsons, Kans., to San Antonio. Tex 
Kansas City, Kans.. to Denver, Colo 
_,.|San Antonio to E] Paso, Tex 
Atchison, Topeka and Santa Fe.|Winslow. Ariz.. to Los Angeles, Calif 
Union Pacific Denver, Colo., to Ogden, Utah BIT - 
Southern Pacific New Orleans, La., to San Antonio, Tex 4 


Four locomotives only are used by the Southern Pacific to haul passenger 


ue tra trains from New Orleans to San Francisco, 2490 miles. aa 


Tare 
‘TABLE 2. —Freicut Runs or 350 Mites anp More. 


Sparks to Carlin, Nev. 
Southern Pacific Eouston, Tex., to Al 
Southern Pacific a Antonio to Fort W 


. (b) Good despatching will reduce the number of needless stops, and care-— 

: ful | planning will avoid fuel waste from locomotives ‘standing i in sidings because 
of] poor r meeting ; points, : and from idle » time at t terminals waiting for trains. ; 
ro To. stop a freight train of 66 cars weighing with | its locomotive and tender” 


.-s 204. 000 Ib. and moving at a speed of 40 miles er hour, and to regain ‘that 
speed requires a consumption of 380 lb. of coal. 


— (e) The economy o of moving tonnage in as fey cam and trains as possible | 


and of reducin em vt ‘milea is obvious. 

TREND OF CURRENT AND Furure Eoonoio ‘DEVELOPMENT 


- Much idle time and fuel can be saved by carefully designed engine termina 
- facilities, such as hot-water boiler-washing plants, well located supply tracks, 
- ete., and above all ample shops and modern tools to make repairs quickly. Addi- 


‘tea shops and tools provided at El Paso on the Southern Pacific Lines have 
reduced the average 1 time in shops of locomotives 25%, the effect of which is 
to add 33% to the number of locomotives assigned to that Division. Ona 


division meme Consolidation locomotives where water i is s exceptionally 
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in that 


4 by American engineers, but nevertheless ‘it is mortifying to admit that the 4 


a 1 hot-water boiler- washing plant. Such improved facllities, while 1 requiring 
large eapital outlay, will increase the productive time of locomotives. 
The burning of fuel in large terminals and shops should be centralized 


as far as practicable i in . order to eliminate machinery starting and stopping — 
losses. Through free use of individual electric motors on large tools” and 

’ groups of small tools the waste of running long lines of shafting « and of  ° 
ating tools needlessly when but one or two 0: on the line « are used, ean be elim-— 


- inated and substantial economies can be effected i in the 16 000 000 tons of fuel — 

consumed on railroads i in _ shops, stations, ete. In a large railroad shop 20% 
of the ‘power was ‘saved by eliminating steam-pipe losses and 13% more by i 
abandoning long lines of shafting | and many belts ‘through substituting electric 


for steam | power. ~The changes represented a saving of $120 000 per year. 
oe locations where electrical energy ¢ can be purchased at lower cost than it 4 
. can n be produced by the railroad company, | opportunities for substantial fuel — y a 


_ 2, ae is encouraging x that the improvement in the work obtained from a pound 
i “of fuel is constant, but it is ; disappointing to reflect that European engineers 


are responsible for most of the improvements now in use on American loco- 
motives." ‘This is the case with the improved outside valve gear, superheaters 


and feed- heaters, some details” of which, however, have been designed 


x principles underlying these devices were 1 not first used in the United States. 
e reason of course is that heretofore fuel h 1as been so cheap | and poll 


obtained that there was little inducement to pay much attention to its con-- 


servation « conditions have radically changed i in the last few years, however. 
The two principles affecting most profoundly the ‘efficiency of stationary 


eam engines are “compounding condensing. Compounding» alone 

| the efficiency of an engine (13%, and condensing alone may inerease 


it as much as 30%, that * condensing alone would increase the efciency 


of fuel consumption of locomotives nearly as much as the brick arch, s1 super- 


heater, and feed- water heater combined, which as already shown amounts to 


= 84.5 per cent. . Compounding, which was used in the United | States at one time 


| more than at present, will certainly come into” use again; so that the 


at 


combined. effect of all the devices described, with compounding and condensing 


Brick arch when used has reduced fuel consumption to. 0% 


superheater whén has reduced At be 


«Using condensing engine may reduce it to 


Compensating reduce it to 


‘opean railroad engineers are to the advantages of ‘using a 


rey 
< 
Turbine Locomotives. —The Federal Railways* is testing’ a 10-w 


locomotive, with a superheater, driven by a condensing steam 
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located on locomotive in “front of the 
tests thus far show ‘reduction i in fuel consumption of 25% compared with com- 


locomotives of the usual construction, a and ver very smooth: Tunning at 


that this ocomotive, iowa, as a locomotive, shows a fucl 


consumption of about 50% of that of a Pacific type locomotive, which 


The London and ‘Northwestern Railroad has built an experimental loco- 
motive driven by a condensin turbine which operates: a generator, the 


power is applied to the « driving wheels through four electric. of 275 h nal 


Electric Locomotives. Where electric current can be water 
od 


"power, trains can be “Move very cheaply, but where the current is generated | 
in a steam plant. the advantages are much diminished. In eight large steam-— 

_ electric plants studied in (1919 by the United States Geological Survey, + 

19. 2% of the energy in coal is converted into transmitting 

this electric energy ‘to the motors of an electric locomotive reduces the 
ilable power to 9.9% and the output is further reduced in the motors 

to 8. 4% of the total original energy in the coal. The corresponding efficiency 

of a modern steam locomotive with arches, superheater, and feed-water heater | 

is 8.1% under favorable conditions. While under existing conditions the 
advantage in favor of the electric locomotive may be more than that indi- 
cated, the ‘spread. is hardly enough to tempt ‘capital to assume ‘the expenses 7 

~ a of interest, depreciation, tax, and maintenance that would have to be incurred 
in changing from steam power to electricity generated i in a steam plant. The 

~ soundness of this conclusion was demonstrated by studies made of the ‘Sierra 

7 ‘Nevada and other heavy grades on the Southern Pacific, where trains are 
by lifted as h high as 6 854 ft. in 86 miles. Assuming the current to be generated 
Ina steam station, the interest, taxes, depreciation on additional net plant 
"4 required were found to be thet than three times as great as ‘the estimated — 

Savings to be obtained from electric opérations. 


a - Other considerations, such as smoke prevention and the increased capacity 
on. heavy grades, influence: the problem, but the no 


critics example, a fuel consumption of 100 Ib. pe per 000 
ton-miles by electric is given} as. applicable conditions uni- 
obtaining on regular profiles.” ‘Data. ‘published. by the Bureau of 
Railway Economics September, 1921, show that the fuel consumption on 
selected miles: of steam railroad averaged but slightly more than 100 
Ib. per 1000 ton- miles. 7 Embraced i in this mileage were the New York Central, 
‘Minois Central, Chesapeake : and Ohio and St. Louis Southwestern Railroads. 


142 miles, or 60% of Southern Pacific main-line mileage, the fuel con- — 


Professional Paper No. 123, U. S. Survey. 

4 Journal, Am. Inst. Elec. Engrs., March, 1920. 
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wis on in the same was approximately 100 lb., while on the ‘Salt Lake 
ision, miles, the fuel record in October, 1921, , averaged only 91 Ib. 


per 1000 gross ton- miles, for all locomotives. During the entire month of. 

| October, 1924, sixty- -two Southern Pacific freight engineers held. records of 
having moved 1000 gross ton-miles with a fuel consumption running between 


48 and 59 Ib. inert 000 ton- -miles, under ‘ ‘conditions universally o obtaining 
or but little more than one-half of what considered 


reasonable fuel ‘consumption for electrically moved trains. 
These are -every- day perfor mances ; in the’ case of the Swedish experimental 

oo omotive, and i in records of ‘electrically ‘operated. trains, however, the data 


relate either to experimental runs or to. performances under exceptional con- 


performance of the modern steam locomotive in every- ‘day “service 


without favorable stage setting is shown in the records « of ‘some American — 


iteam- roads. On one of them, 26 ‘superheated | Consolidation locomotives showed ot 


daily service on a run with long grades of 21 ft. per mile -consumptions of 

ranging from 55. 8 to 71. T bb. per 1000 gross ton- -miles, with | an average 

1s th of 63.5 Ib. Still more ereditable to the steam locomotives and the men who | 

notor “drive them are the records of individual runners. Engineer A in two trips 

ciency | trains ¢ of 2 809 tons “consumed 48.7 Ib. per 1000 gross ton -miles; Engi- ia 


ittin 


heater neer P j in eight trips with trains of 2 863 consumed 58.2 Ib. Engineer 
‘in fourteen trips with trains of 2411 tons consumed 58.3 Ib. 


Internal Combustion Engines —These engines. vary widely ‘thermal 


effici ‘ieney and weights yer unit, as follows: 


Airplanes . 


conditions with light is on railroads, 


— although it is two and one- third times as efficient as the steam locomotive 
present cost of its fuel is ten times as 


The engine, however, shows the highest thermal of any 
known « engine. As compared with the most modern locomotive , Which trans- a 


forms: only about 8. 1% of the heat energ ey of fuel into work, the Diesel: engine 
_ transforms 35%, or more than four times as much Its fuel (crude oil, com- 
— called Diesel oil) i is not converted into g gas us in gasoline engines, , but a 


is burned in the cylinder in the form of spray, and ‘the expansive force of : 


Lise 


the products of combustion provides the motive ‘pow er. Like the gas engine, 
however , it cannot start itself, but must some form of variable speed 


transmission. to start trains; the best way thus, far devised consists of elec- 
trie transmission, but the combined en; engine and ‘generator plants have proven 
a 80 © ra as cA heal their 1 use for heavy traction. Because of its high thermal _ 


el engine offers opportunity to make great savings, and © 
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its is very hopeful. of this type now being built for the 
~ Southern Pacific Lines by the Baldwin Locomotive Works seems to opi over- : 


‘come these handicaps and will soon be ready for 
The: designs of an Italian Diesel locomotive show the following: 


Weight i in operation, approximately. .. 117 ton 
Tractive effort at 18} miles per 19 840 be 


The is started by highly compressed air ‘stored in tanks jak 
fed to cylinders at each end of the locomotive, which it until sufficient 


_ speed is attained to start the Diesel engines, Ww hen the compressed air is eut. 
- off. The air tanks are re recharged by a a connection with the main engines. The 
stimalted fuel saving over a steam locomotive is 66% per cent. 


design shows progress: in adapting the Diesel engines to locomotives 


of serviceable commercial sizes, "particularly in ‘solving the problem of weight, 
as the weight of a steam locomotive and tender to develop about 20 000 Ib. of 


‘The hope of the railroad executive for conserving fuel lies in: 

1 —Substituting hydro- electric power for steam, as the bes best steam — 
motives can now fully equal the efficiency of electric locomotives using current i 
enerated i steam ower stations. is, 

2. Substituting compound condensing engines for simple engines 

i —_ progress made in Europe, the solution of this problem appears 
3.—The diavoveey of a a cheap, high- -gravity fuel that can be = in als 
engine as is used on automobiles and ‘airplanes. 


—Reduction of the weights of Diesel engines ‘sufficiently to permit their | 


use as locomotive engines and the development of a satisfactory variable speed — 
y transmission which will weigh much less than an electric generator and motor. 
Wis Diesel electric locomotive built, in Germany for the Russian Gove 
ment shows an over-all ‘efficiency between 21 and 27.4 per cent. AL ‘steam 


locomotive tested at the same laboratory two days: later averaged total 
"efficiency from 7.6 to 8. 67 per cent. The fuel consumption of 
electric locomotive was about one- that of the steam locomotive. 

vis a special report published i ‘in 1923, the National Industrial Conference 


oe Board appointed a committee to determine a among other things: | a | 


me —Do the industries in ‘the United States need more or fewer ——a 
than the number now being graduated from engineering ‘schools and -eolleges 7 


_ 2.—What kind of men do the industries require from the ‘engineering 


schools and ee and what should be the nature of their education? = 
“The expan ndustry has been accompanied by vas 
pansion of industry has been accompanie y vastly increase 
complexity of industrial | operations, and the grouping of greater numbers 
of workers in corporate units has placed upon employers an increased social 
_ responsibility toward their employees and toward the life and affairs of the 
community. All of these changes | have created problems of human, social 
and political relationships in- which industry and society as a whole have 
become increasingly dependent upon trained technical and administrative 
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establishment of p pensions for superannuated and 


hospital departments, to furnish hospital service on the payment of nominal a 


= fees; by the establishment of group life i insurance plans whereby employees, 


-_-Tegandless of age and without phy sical examination, receive the benefits of 
insurance at approximately -third the cost of the current commercial 


rates ; and by. the establishment of rest and reading rooms at : terminals + where 


“no opportunities exist for relaxation after working hours. 


Continuing t the report says: “Of the 41 6¢ 600 000 persons who were gainfully 
employed in 1920, according to the U nited States Census for that year, less 

; than AN planned the activities and directed the e energies of the 1 whole working. 

- force. P The s same census figures show that since | 1870 the number of adminis- 


7 trators, supervisors, and technical experts has rapidly increased. Th 1870, the 


000, or 1. in 1920, 1 510 000, or 3. 6 per wd 
An examination of the personal records of the 


of the railroads of the United States shows that in 1922, of 32 Chairmen, .: & 
_ 34%, had risen from the Engineering Department, and of 171 Presidents, 


+ 83, 0 or 19%, had 2 risen from the ranks of engineers. - Based as they are on 


data” taken from census reports, the conclusions: of the National Industrial 
Conference Board show incre asing demands for the services of trained men, 

‘and furnish the reliable and. valuable. . information obtainable on the 


As to schools, the report says: 


em: is the business of the schools to train young men into fertile and exact 
thinkers, guided by common sense, who have a thorough knowledge of natural 
laws and of the means for utilizing natural forces for the advantage of men 
vern- and the advancement of civilization. In other words, it is the business of 
awe - engineering schools to produce, not finished engineers, but young men with a 
pir 1 great capacity for becoming engineers, , the goal being attained by the gradu- 
total at r years f develo pment in th school of lif tsi sali 
tes only after ye ife” j tol 
Although a good may not develop into a good executive, 
“nevertheless successful administrators should certain. characteristics 

such as, a good grasp of the fundamentals of science; ‘the ability” to think 
ae logie cally and “quantitatively ; exactness method and of analysis; the 
habit, of -Jooking forward; 


notor. 


neers 

egest learn; ‘combined with high sense of fairness. pa charity 


ites needed to control men; and the ability to write and speak clearly and correctly. Mie 


B. Jewett, Vice-] P resident of the American elephone and Telegraph 


Company and President of the Bell” Telephone Laboratories, “Incorporated, 


b eau “The industry which I am connected with is a highly 1 technical one which - 

re: is based on physics and chemistry and mathematics; but so are many of the 

big industries in our country and the more I see of them the more convinced 
do I become that the directors of these industries in the future are going to 

be drawn more and more from men who have a thorough grounding in the . 

dae on which the industries are based. In the old days it was not 7 _ 

but each day we go on now, it becomes more because 


| 
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THE ENGINEER -A RAILROAD EXECUTIVE  [Papers. 


he stidestibes's are eechhiival; because they are based on the fundamental 1 science, 

they must be guided by men who have a thorough appreciation of the funda- 
-mentals because business is hardly more than mixing the dollar or cents with 

physics and and mathematics. Since engineering schools are the 
place where we expect to turn out men who are going to guide technical indus- _ » 

tries, we should turn out men who know the principles of the fundamental — 
sciences; who know the method of combining fundamental sciences with the | 
dollar and cents proposition and know English in a way to enable them to 
express clearly what they know, so that others may profit by it, because it does 


of us very much good to be ever so wise if we cannot express our ideas | 

— “Tt seems to me that if the engineering ‘schools of the future are going — 
to perform their function for the industries they have got to get closer te 
the proposition of teaching and really inculcating the fundamentals. Let the 

- matter of trying to make executives go, if you will. The men of ‘executive 
eS ability will come to the fore in the general run of things, I think, provided — 
the Lord gave them the right human traits and provided they have a thorough — 


M. 1 Herr, » Pre resident, the Westinghouse Ele Electric Manufacturing 


ite 


have been very much the especially by 
the points brought out by the last speaker. I heartily endorse his view of the 
importance of the fundamentals and of the idea of patient plodding in the 
minds” of men who are going into industry. _ There | is no royal road, to my 
“mind, to- a place of commanding importance in industry, or in any other 
__ business, and I do not believe that it is the function of educational institutions — 
try to teach young men to become captains of industry ve 


J” occupy very great and important executive positions.” sire 


“While + there is general agreement on this view that one of the iw cl 


a; - essentials in education in relation to ‘industry is an adequate training in and 
knowledge of fundamentals, there is wide variation in the meaning of the 
‘fundamentals.’ “From. the point of view of the industrialist, the term 
‘fundamentals’ means a general groundwork of useful knowledge but, more © 


; ee ially, a training in the power to use this knowledge in effective no | 
and action. 


The fundamentals of engineering may be stated as follows: 


electricity, magnetism), chemistry, biology and geology, the interrela- 
tions of natural phenomena and the application of these principles to 
(c) The principles of economics and their to industry and 
The principles that govern the relations between people, not only as 

a applied to managers and men, also” as applied to ‘onal 


The art of clear and correct expression in speaking, , writing, and 
“The relative | emphasis to be placed | on each of these fundamentals ‘is a 


matter to be determined for each engineering 


In emphasizing the importance of tr: ining, ‘one must studiously avoid 
withering the. stifling the ambition of the large numbers of 
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much school or preparation, ‘These men outnumber vastly the 


high school and college men, and to their credit be it said that the 65% of 

Chairmen and 81% of Presidents remaining after taking account of those who = 

have risen from the ranks o of engine ers have been drawn largely from the me _  &§ 


who have had 1 none ‘of the benefits of higher education. - Without mentioning 


them, the 3 names of a number of the ablest and most distinguished railroad — 


alk risen 1 from lowly ranks and have actually b built their own careers and 


builded admirably well, ‘suggest themselves. 


Again” ‘quoting from the report to the National Industrial Conference 


s 
a. a Sympathetic guidance, of both the college man and the non-college | ance 


_ presupposes a careful evaluation of the work of all employees and assurance 
to them that talent and effective work will be known to and appreciated by 
the management. _ Educators report a growing feeling among undergraduates 
that in most large corporations a young employee often is lost in a depar tment — 
and for many months may not come under the observation of the leading 
‘men of the organization. A large public utility company, the two largest 
‘manufacturers of electrical apparatus, and a few other large corporations 
have unusual and enlightened personnel departments, in. many cases 


are getting the pick of | the young talent, because of their : 


hese are some the ways in which industry ¢ an the work 


utions @ the educators, and profiting their example thus can the present gel 


rators, 


eration help those who. are to “ carry when it shall 
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THE REINFORCED CONCRETE ARCH IN SEWER 


CONSTRUCTION: : REVIEW or PAST PRACTICE 


‘By Cuartes E. Suare,* Jr., , Esq. i, 


Re: 


—sSTn this paper, the elastic design of the reinforced concrete sewer wer arch i is 
/ described. Conditions of loading common to such sewers are discussed i in deteil 
due to the back-fill of plastic soil. _ Conditions of arch support are also analyzed, — 


leading to the conclusion that complete restraint i is rarely accomplished 
_ sewer arches and that a certain amount of hinged action must be “recognized. .. 
equations: for the determination of arch stresses are presented 


and discussed ; and, for arches of a particular shape, equations for ‘moments and 
stresses are deduced in which the variables are the radius of the arch and the 


— 
oF 


SS a structure have not been studied and edad to the same ‘extent as io 
bridge construction. _ As St. Louis, Mo., ‘was one of the pioneers i in the use = 


this type of sewer ‘structure, an account of the St. Louis practice will be, for 
practical purposes, a statement of the development from the beginning. © a 


wae reinforced concrete arch sewer r came in into use| about 1900 ). Until that [ 

7 ‘a ime large sewers in the United States were gravity arches of massive masonr vy 

construction. The appearance e and bulk of these sewers had become firmly 

fixed i in the minds of municipal engineers, ers. When the possibilities o of ‘economy 

through the 1 use of ‘reinforced conerete for sewer ‘purposes became ‘evident, 

eonerete. designers w were called in to co-operate with sewer engineers. These 

designers were accustomed to working w: with fairly high concrete 


with the relatively thin slabs common in building construction. ‘Their pro-— 


posed designs were slender and apparently fragile (from the viewpoint of 


men accustomed to massive masonry construction), that they were never” 
quite acceptable. . As a compromise, safety factors without end were crowdet 


“| Engr., Black and Veatch, Cons. ‘Engrs., Kansas City, Mo. 
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‘the: design, arbitrary to the concrete — often with- 
out any reduction in the reinforcement, ‘were quite common. Even after 
_ these i increases to the mass of the structure were made, the results were widely © 
“criticized, and predictions were rife. that such construction ‘could not be 
counted on for long life, particularly | as” the reinforcement would rapidly dis- 
a i integrate when the concrete was covered with earth | and was ‘constantly damp. 
Gradually, this attitude has been modified. Within recent years engineers 
come to feel they. can calculate, with 1 ‘accuracy, the poss 
_ stresses in this type of structure and can construct with safety to the dimen 
sions indicated by these calculations. This change in viewpoint | has been due 
in part to the confidence resulting | thal greater familiarity with the 
on naterial ail in part to the fact that they had almost forgotten the old massive — 
types. It has | been forced by t the increase in sizes of sewers a and the necessity 7 


a 
h 


a The 32-ft. sewers required , for the River des Peres Drainage Works in 
St. Louis involve construc tion costs mounting into millions, In designing | 

these sewers, it became evident that a re-study of the reinforced concrete 

arch from every aspect was essential. These studies. made by the 
writer in consultation with the Engineers of ‘the Division of Sewers and 


: |: aving of the City of St. Louis. 


cipal factors entering into is, possible earth pressures ‘acting 
on the arch, the conditions under which the arch is supported, and the bending 
moments and. stresses fesulting from various combinations of loads and bear- _ 


Teta has been customary to design | sewer arches for certain dead loads result- — 
i 


ng from the back- fill over the structure. is true that sometimes “special 


ag 
designs are required to support surface structures, and that occasionally 3 


ving loads and even engine loads be considered. These special 


tions, however, are unusual and rarely affect as much as 5% of the whol an ae 


Int designs | it. was customary to assume the sewer as con- 


Wee 

"structed in a trench with vertical sides. and subject to the weight of earth | 7 
acting v vertically. was understood that certain horizontal pressures 


| that exist, but because of the inability of designers to determine accurately their 


VET 
sonTy “intensities, and of the fact that such horizontal pressures as existed would 


firmly reduce the bending moments resulting from ‘vertical these pressures 


but there w was. general agreement in this respect. Louis, 
it was: at one time customary case of plastic, soils to assume the hori 


iy 
zontal } pressures at any point. Again, ‘it. was recognized that in plastic soils 
Compression in the vertical direction could not exist without co-ordinate hori- 
tontal pressure. It was also clear that the supposed vertical columns of 


not ‘Test on the surfaces of an arch unless: certain horizontal 
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REINFORCED SEWER ARCH 


‘that was expected to indicate a minimum horizontal pressure’ which 

“must occur. Although it was known that ¢ greater pressures probably did « occur, Yr 

- designers did not feel safe in considering them. In recent studies advantage 
has been taken of the work of the Society’s Special Committee on the Bearing 

Value of Soils for Foundations and of the research work done at ‘several | 


universities on earth to develop somewhat more definite values for 


at Formerly the arch was assumed not merely to be > supported at the invert, 
‘but’ to fixed in direction at this ‘point. It was further assumed, where 


“arches | were built on rock, that the contact with the rock was sufficient to 


“produce + this fixture. _ Where the > Sewer was built i in plastic soils, it was custo-— 
-mary to assume the complete structure as an elastic ring with the bearing = 


4 distributed across the lower half. In instance the sewer, 


direétion of 2 1 hinged arch at the theoretical hinges, the angular ‘movernent 


required for full loadirg: was found to be extremely small Further studies 
@ indicated that even where the. sewer was built on rock it would not be unrea- | 
sonable t to expect deflections that would permit ‘the apparent it rocking or hinge 
action n of the arches. It became clear, therefore, that the | conditions, here- 


when ‘the arch was 18 built i in n rock cuts considerable depth and abutted 


e invert. is also clear tha} under this 
latter condition the arch may be designed as s fixed i in direction and the span 


only as between the points of abutment ‘against the upper ‘rock 


led A review of the research work on plastic soils also indicated that the 
ves 

--vertical weight of the structure need not be distributed over its full width 

-. and that sufficient bearing | power in hard } clays, shales, and similar soils, can 


be found by utilizing a comparatively small area under each abutment. This 


study makes it clear ‘that, except i in unusually. soft. ground, the heavy inverts F 
"factor, that is, the determination cy stresses. various. 


of load ‘and support, is analyzed in detail. 


Srrucrurat Desien or THE River Des Peres 


it . The River des Peres Sewer in St. Louis w ill be composed of two distinct 


sections each approximately 2 miles in length, the upper one one being of ; 


‘single ‘semi-circular form, 32 ft. in diameter, and the lower of double semi- 


cireular form, with barrels 29 ft. in diameter. The proposed earth-fills over 


See 


ar 


— 
— 
— 
: 
— 
— 
| 
ay 
— q 
— 
oa at the center of the invert. It 1s now found advisable to analyze stresses not > i” 
only with the abutments completely restrained, but also on the assumption 
J 
— 
— | 4 
a 
tl 
a 


showed that the 4 miles of sewer wi set ie on fire clay, 8 shale, and > 


| decom crown vary in| both sections fr rom about 3 f ft. to about 20 ft. — tests 


Gonditions of Support 
oo ie the first studies of typical sections, current practice was followed, taking | 7 
‘for granted | that when a sewer arch abuts on rock, : its ends must be 2 consid- 
ered as as fully fixed or restrained; that when it abuts on ‘compressible ‘soil, the 
arch should not be considered as stopping at its base, but should turn aoa 
and, with the invert, form a wholly continuous ring g, as shown in Figs. 1 and 2. : 
‘The greatly extended length of the arch ring in the latter « case gave uni- 
stresses; and in the former, large bending moments were found 
at the abutment by combining the « earth ‘pressure with the water pressure 


“ that would be exerted while the sewer was flowing at its designed capacity. a 


8 
i > Footing 


inve estigation before being ‘acgepted as the nearest the 


“truly, economical design, and that the arch ; support (even i in com-- 


clay foundations more nearly comparable, and also 1 more mesily 

equal. This confinement was effected a spr read footing at the abutment, 
the spread varying with the vertical load of earth- fill and the carrying capacity 

the ‘soil. The footing itself was ‘considered ‘a part of the arch in the sub- 


4 softest soil was low enough to prevent any lateral flow of of the loaded. soil. — 


; oh In order to design by t the usual arch formulas, it is necessary that the span - 
length between. supports be invariable, that ‘is, that the abutments: should 


‘sewer in earth, the flat invert was ree thick enough to resist any inward | 


‘movement of the abutments. By tying it to the spread footing with ‘reinfore-_ 

ing bars placed along its center ‘line (Fig. 3), it would also ) resist any'out- 
= 

ward n movement without becoming part of the main arch ‘Ting 


ro 


‘y= 
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— 
— 
e gemi- condition was insured by the bond between the jagged surfa— 

lls over —§ butting arch ring. It is almost inconceivable that. loading [i 


of the sewer arch, any outward movement would take place; in any, event, 
however, these bars will assist in preventing temperature cracks. “Pod, 


= Despite this apparent rigidity of. the supports, the spread footing sug- 
; "gested possible hinge action around its own center point. A clockwise rotation — 


of the left-hand abutment would center line outward at the bottom. 


A theoretical value for this sinkage of the extreme » edge of the footing may 7 


fest conditions might also be just 


be found by computing the angular change ¢: in the direction of the 7 


arch ring, and, consequently, of the bottom of the footing, and multiplying 


this by the distance from the center line out to the of the footing. For 


- the hinged arch, with soil bearing at 2h tons per sq. ft. and with a a maximum — 


ath of 20 ft. “over the crown, a maximum vertical movement of 4 in. was indi- 
seem to support the a certain amount of hinging 


Condition: 


It i is ‘true that for the arch which abuts on solid as in mile 
of the 32-ft. ‘sewer - and in the second mile of the 29-ft. sewer, the condition | 
. of full restraint of the arch ends should be assumed for the final design. Yet, 4 


there are certain considerations, which, it is believed, should be used in mod- 

fying this condition and consequently, in materially reducing» the large 
bending moments found by the rigid analys sis. 


oak In the first | place, it was found in the analysis of a typie al arch for vari ous 


_ kinds of loading, amounts of fill, ‘and conditions of restraint, that all maximum 
a abutment moments were positive* in ‘sign, that is, produced | compression in 


the extrados of the arch and tension i in | the intrados. An earth slide against 
- the side of the arch during cons would ; give large negative moments 


at the abutment, but this danger woe neglected for design for the 
> ee —Only a certain longitudinal section of the sewer could be affected at 

one time; the adjacent sections would tend to support it. 


2—Failure could occur only during the time of construction, when 
— back-4 ‘filling had been done and when repairs could be made more cheaply 
than: provision against such failure along the entire line of the : sewer. 
the second place, two factors peculiar to construction in rock 


a tend to reduce the possible deflection ‘of. the footing to such an extremely 
small value that even some hinging action is conceivable in rock. 1 These | 


factors are (1) as the supporting ground becomes harder, the necessary width - 


footing decreases ; and (2), the value, approaches zero for com- 


| 
— 
— 
— 
€ 
— a 
f 
| 
q 
tm 
— 
‘ 
te on tne dos side or to be encased il a Wall Of sumicient lengtn and 
ae et ae _ to render the concrete and rock an integral mass, thus reducing the tension in the intrados — ry 
negligible quantity. By placing a joint along each side of the thin invert, the possibility 
faq of developing tension was largely eliminated. 7 
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vent, : plete fixation. — The deflection of the footing edge, being the product of these + 
small quantities, ‘would be almost insignificant. 
sug- . - In the third place, the analysis showed that the moments at the crown and 
ation — the springing line for the hinged condition of the arch ends were larger than ~ 
ttom. — those for the fixed condition. : Also, ‘the springing x line moments for the hinged 

il on condition were about equal to or r greater than the abutment moments for the 


fixed condition. Now, since in 1 practical construction it is undesirable to 
decrease the size of the arch ring below the springing line, these hinged- arch 


values at the springing : Thee -—_? be used with safety to design the abutment aa 
© 


against a rock 

Finally, arch found. to rest against a rock wall of height 

sufficient to realize full fixation, was analyzed as a shortened arch ring, 


moments being smaller than for the full length of ring. 


—Karth —T ‘he full weight of superimposed earth together with that of 


concrete arch ring was assumed as the vertical loading i in all cases. Exper- 
show that unless: the back- filled part. of the trench in which a sewer 
arch is to be built, has a . depth g greater than its width, no appreciable reduction _ 


in the vertical loading due to arch action of the soil is permissible. _ In ~~ 


t mile 
idition 
Yet, 
n 


large 


various 
ximum 


River Des P Peres the maximum back- “fill was less than the width. of 


In arch, 2-ft. widths for the vertical columns of 
‘(including » the part of the arch ring immediately below), were taken as suffi- a 
ciently accurate. The weight of earth was assumed to be 100 Ib. per cu. ft. 


happens that where the fill is slight no appreciable live load will occur, 


and where the fill is heavy, a a street will be built « over the sewer, likewise with - 


against “negligible live loads. In the isolated cases, in which the sewer passes beneath | 7 
ioments “railroad tracks, an additional earth- fill of 10: ft. will represent the live 
for the Many theories have | been advanced concerning the horizontal pressure that 
Laie tae the back- fill is able to exert on the sides of a. sloping wall (in this case the 
scted at | arch ring). Dy modification of the ones developed by Jacob Feld, Assoc. M. 

, Am - Soe. CO. E., and supported by his series of experiments,} w was used in this” 
yhen ‘design. Ini horizontal pressures were considered. to act against. the side 
of the arch. For convenience, they were taken in horizontal "zones of, 
equal width. The pressure for each zone the formula, 
4 would | H re k, in which, W = the unit weight of earth; h, = the ‘distance ' 
. ctremely | 4 ; from the finished ground surface to the center line of ‘the zone ; w = the width 
Ried F of the. e zone; and, k = the quantity found from Equations (a) and (6). an 

Case 1 —Slope | of Arch Extrados | Less Than 60°. 2 

roughness Bulletin $i, Station, Iowa State Coll. of Agriculture. 
Sossibility oe! Buildings, Monthly Issue of Engineering and Contracting, May 23, 1923, =. 1163- fs 
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a 9C slope 7 


in res reduce, throughout the arch, 


note « cases where full horizontal to the of arch could not 
bes exerted. position of the rock surface point below 


at. the springing at arch “end, and rock ‘considerably below th te 


a arch end. yi The existence of rock above the spi springing line was, of « ae dis- 


springing line, exert pressures. Where rock surface 1 was 
the springing line or abutment (in the analysis of a a typical arch), the arch 
was” considered | ed as Jn and where considerably below the springing. Tine, as 
iy: Table 1 gives the possible combinations of horizontal loading and restraint 
where the two abutments of the arch are not necessarily supported i in the 
_same way. / Additional cases of pressure of a a sliding 1 mass of earth during 


construction are included. The value of this p pressure was as arbitrarily 


d 

lin ne and the abutment, and double for Only the single. barrel 

ow as analy zed for these special cases of loading; aa they produced r no important 

maximum: moments in arch, they were neglected in the analysis of 


am 


TABLE 1. —Simu LTANEOUS ConpiTIONs or Arcu LoapING AND Restrs 
((A) Horizontalloads to abutment on bothsides. 
Sliding earth loads on left side only. _ a. 
Horizontal loads to abutment on right side and to springing 
Horizontal loads to sibitiinenit on poth sides. 
Horizontal loads to springing line on both sides. ail 
Sliding earth loads on left side only. 
t.—A Arch fixed at right en Horizontal loads to springing line on both sides, _ a 
hinged at left Sliding earth loads on left side only. 
Horizontal loads to abutment on both sides. 
1V.—Arch hinged at right end, }(K) Sliding earth loads on left side only. 4 
fixed at left... - ) (LZ) Horizontal loads to abutment on Fight side, and to springing 


Shortened arch* fixed at both ; (M) Horizontal loads to top of rock surface. _ per myer 


| 
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Water: of the River Des Peres Sewer were made such 
re it would carry off all storm water with a head varying from zero to 5 ft. 
above the crown intrados. _ In the typical design, the arch was analyzed for 
three’ lower water. levels, but all these gave lesser stresses mes those resulting | 
= full water level. This i is because the water pressure, increasing along 
the arch intrados down to the invert, tends to nullify the anne effect of the so 
horizontal earth pressure. In other words, it adds to the stresses caused by 


emperature. —A arop 0 of 50°  Fahr. in the tempe rature of the material 
| used in the arch construction was thought to be sufficient. x ‘This would accom- 
| modate a change from about 100° during construction about 50° 
back- fill. An equal rise in temperature was also used, accommodating a ¢ — 


from 80° Fahr. (conereting i in freezing weather) to about 80 degrees. 


7 he —Rib- Shortening —In the fixed are h the ; maximum rib- -shortening was 
ald n not found to be only 1 10% of the shortening due to temperature, and, oe 


which 


low the AND Equations or Computation 


Tn all cases, a symme trical arch was: tone for analysis, : and the a assumed _ 

t. The slight va aria-— 


tion in arch thickness as” finally” developed will admit of a large amount. of 


astraint the arch | ring (due to an n unsymmetrical arch) and still be met. with a section 
during The ordinary formulas for edi shear, and moment at the crown, and 
y taken for moment at any point ‘were used i in the case of the symmetrical fixed arch. 
ringing» Formulas we were developed ee these forces i in the case of the hinged larch, and for 


el arch 
portant “methods of used i in deriving the formulas. Morley 


are 


of the the hinged arch using the hinged end as origin. ~ He also deals with the moment 
at the end as a function of th ‘moment of the bending moment diagram 


“about the left support. ort. This reasoning can be modified to apply to the double _ 


For convenience, all the terms used in aie derivations are e collected aa y 
here defined. — ‘Moments | are considered positive when to the right ofa — 


section they produce clockwise rotations, Shears” are considered positive 
| hen to the left of a given ‘section they produce downward pulls. ‘The term 


“nner springing line’ ” means the springing line at the top of and to either — 


{iii aii 


side. of the center wall of a double arch. Unless otherwise noted, all summa- 
tions, Sa, SM, ete., for the single from ¢ one abutment to > the 
“other the double arch, unless. otherwise noted, they extend from one 


the inner springing line. All single arches are symmetrical 


“Strength of Materials”, pp. and 348— 361. 
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The loading may be unsymmetrical in eases Of ei singe or double arch. 
definitions are as follows (Fig. 4). git, 


Vertical Zone 
Vertical Earth _| _,Ground For Live Loads 
Weight of Earth and Arch "Pressure add an equivalent amount of fasten 


withi z 


Xz, tor Ane left half of the Arch | 
Hori 


rizontal Earth 


Pressure 


- tm 4 Arch Intrados 


— ad ting— 


Actual bending moment at the left abutment. 


— = = Actual bending moment at the right abutment, 7 
Me : 


hending moment at a given ‘voussoir point i in the ring | 


Actual bending moment ats given point i in the arch ring” 
i noe M, = Bending moment at. any ‘point due to treating a partly fixed arch 


as fully hinged at both abutments. 


= “Moment of all external al forces for a given type of loading — 


between the er crown and the left abutment, an that 


nE= = Moment of all external forces for a given type of loading ‘occurring 


between the crown and a given voussoir to the left the 


erown, taken around that point. 


Pe Moment of all external forces for a given ty pe of loading occurring | 


LL. = 
Lees between the left abutment and a given v oussoir point to the left 
1 
het the double arch center wall, taken around that point. take 
 sg= Same as uy, except for the inner springing line to the right or ers 


4 
pie 
| 
A 
: 
‘ 
> 
iii = Actual bending moment at the central abutment of a double arch. 
| 
— 


= Horizontal rea reaction at left abutment. woh 6 
sistent B= = Horizontal reaction at right abutment. 


= Vertical reaction at right abutment. wilt 


=) ertical reaction or shear a at the = ey - 


“Ae X= Horizontal distance from crown to center line of a given voussoir. 

= = Horizontal distance from the left abutment to the center line of | 


Xx R! = Hor izontal distance from ‘the left abutment to the cent center line of a 


al = Horizontal distance from the left or ™s _ abutment to the 
= Caer distance from the crown to the inner springing line. 
distance from the left reaction of a a anes to the center ; 
gravity of its bending moment. diagram. 


of a voussoir measured along the line of the arch. 

“ss - Length, center to c center, between abutments. or, in the case of a 


Pe ~ double arch, between one abutment and the center wall. ‘eri 


ie igen = ‘Length, center to center, between one e abutment and the inner 


“er y= Vertical distance from the crown 


= Verti m 
Vert ical distance from crown to abut nent, 
V ertical distance from crown to inner springing line. 


ed arch = 
a=E xpansion n coefficient of arch per fei 

— Average unit compression, in pounds. per square inch, occurring 

= Modulus of elasticity for the : arch material. 

— Moment of inertia of arch section about a angential axis 

seurring ae the center line of the arch at any given voussoir point. 


a = Change in the tangent of the-slope of the beam ¢ or arch of the left - 


: ip=C hange in the tangent of the slope of the beam or arch at the 


left 


‘Temperature change, in degrees Fahrenheit. 


Number of voussoirs in the arch. ring. 


| 
4 

a= 

— 

= 

— 

‘line of a given 

— 

't of the 
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‘It should be noted that when any voussoir, the spread footing = 


portion of the arch 1 ring, is much thicker than a number of other a 


more or less equal. thiel kness, no attempt to make its — value equal to 


rat of voussoirs need be made. If, for instance, its —— value were | 


one- -tenth of a convenient —- for the other -Voussoirs, its my, me 


may: be divided by 10 in Q mechani . =x, mez, 


Also, in computing “the spread 3 may be counted as as only one- one- 


tenth of a regular voussoir. 


Ano Bors Exps 


Now, in order to determine My, wl Mr for various points, it is necessary to ; 


“solve for Mc, Heo, and Vo. The three ‘equations this solution are based 


e facts that, for an arch completely. ‘restrained at both abutmen 


rotation, wt = the total change i in length of span, = My — 

“change in level Between the arch ends, > M x , are each oom to zero. In 


/1 i } 
all cases E is a constant, T en made constant by taking appropriate 
“lengths for the voussoirs along the arch rings 


or, the equal of M from Equations (1) and (2): 
= y+ He 


‘2 = (mp — mp) 


my 


ris 


‘ 

= 

+ 
| 4 
a 

— 
—_ 
— tha 8, the otal 
= 


‘The lower signs. are to be for earth pressure; ; the upper ones for water 


= Mr = Mc + He 


* Since here = ‘only tivo equations a are to solve for Mo and He 


‘These are furnished by the facts that = t= =0 earth 

—— & oth = 0, in which a ¢ L is the amount the span would in- 


en nts were free e to move, and > My —~— is the a 
span is erro fron moving by th the fixation « of t 


and, 


ert 


— 
g this value’ ot Me in Equation | (9), and solving for He, 


= 


5 ya r 

“Note that the lo lower sign is be for temperature decrease; the the upper sign 


-Rib-Shortening. —In the formulas o of temperature s stress for Ho ‘and Mg, the 
product Eat represents the average unit compression in the arch ring to 


decrease of degrees. For rib- shortening, by this 


SINGLE iincep Botu Enps 
Earth and Water. —As for fixed arch, 


the the at the hinges or -abut- 
= Mo + How + Vo, + M4 
Mg = Me + Hem — Vom + me = 
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— 
ssoirs 
| 
were 
4 
ete. 
Substitutin 
ry to 7 
total 
— 
— 
| 
— 


does not equal zero, it is necessary to use M — ~ instead of = M 

. for expressing the total change span The reason for this is 


that My depends for its ze zero value on a ‘simultaneous zero value of = M, 


while = M y’ ( multiplied by the constant —— the sum of all 


ds\ 
The additional “equation 
— { 


ts, =z 0, from which, 

‘Solving Equations (14), (15), and (16), 


=> —_ 


MB, 


Note that the lower | sign is used for earth pre pressure; the upper peek for er 


te = 1 


Ta this case, the total change i in length 


=My = 


Since for the hinged condition, die ah, 


= Me + Hoy oF Mo = — Hon. 
Substituting the value of Mo} from Equation in n Equation (8), 


— 4 
(4 
— 
pendent of the total rotation change, > M 
— —— 

iii 

— 
q 

q 


- 
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Ii E at 


Springing Line 


Ad 


—As before, replace E a in the formula with 


SINGLE” AROH Hincep av Lert Enp, AT Ricut 
Earth cand Water Pre: essure —As for the fixed arch, | = 


Ma= Mc + Hoy + Vox 

In order to solve for , He, and Vc, two equations in addition to Equation 


4 are required. As fe for the arch hinged at at both ends, My’ 0. 


7 y + =my =0. 


aR! = Za ) for half arch 


or (see Fig. 7): 


Equations (14), (16), an and 7); 


bol 


The lower sign applies for temperature decrease, the 
(16) 
24) 
4 
vater (2) 
— 
— 
| 
eee (16) = 3 
| 
(1) 
(22) — 
—— 
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Hey + Ver 


Mo o+ H y—Vo x 


Also, , for ‘the 
As for earth and water pressure, = =My ‘and a 


+ He By — Ve 


Solving Equations (28), (29), a and (30), 


2 


atL — Ho Syy 


As previously, use use the lower sign for temperature decrease, the upper one for 


Shortening. —As before, replace a in and (38), with 


6, and solve a as s for temperature stress, 
There are six possible combinations of and the double arc 


abutments fixed, center - abutment hinged. 


We ~Ou abutments hinged, center abutment fixed. 


— 

a 

eet 
; 
| 
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V.—Left and center fixed, right abutment 


~VI.—Left and center abutment hinged, right abutment fixed. 


Earth and Water Pr essure. —Now, in all : 


the left arch) = 4- Ma) H4 + 4a ML (35) 


(for ‘the right are th) = Mg (My D + Mz) Hpy' + 

For the six combinations under there will be some 


ontal movement of the two inner ainging lines (see Fig. 9). However, f 
(horizontal movement of left” arch) may be valued as. equal and 


sign to = 


) 
with Unstressed 


(M4 + Ms) | (Ha + Hp) 3 (y' titel 


Also, 1 from Fig. 9, the 

laa to the other is an extremely small fraction of = Mi y’ Er 
| 


or is} practically zero, 80 sothat 


— 
| 
— 
— 
fF 
aa 


H A) VA » Mp, Me, By | snd Hp (37), (38), and (39) 
hold ‘for all ‘six combinations of bearing, there need to be developed, in ong 


ease, four equations, which, when solved simultaneously with Equations (37), 


(38), and (39), will supply the values” of the seven forces for the various 


‘ combinations of bearing. T hese sets s of four equations “are” developed as 


2 (ip + 2i4) 


2@ 


= — Atg 


M, if. 


Substituting these values of A and A: LG in Equations (42) and (4: 3): sub- 


= stituting the values of ae and ne in Hquation and substituting 


7 


and, 
= 
— re 
(40) 
— 
| and, a3 

, 
— 
Mn 
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~ 
3 


amely, 
(37), (46), and (48), fo the set of four equations *) 
-(41) fom I Equations (40) and (41). i 
Solving Equations (49) and (50) simultaneously, ‘ils 4 
Substituting values of and» A as for” Combination I, in Equation 


(51); substituting the resulting in Equation (44); and substituting 7 
for M_ its value as of Equation 


‘Similar for the right arch, 


; 

tuting 


Sines. the ontatibe. abotments are both axed, M Lis and of 


4+ Mz) + (H4 + + Hx) > yt (V4 +V B) = 
> (58), (64), and (55), form the set of four equations required 


— 
| 
— 
4 
= 
| 
‘ 
ae — 
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Combination .—Since M. 4 = 0 and = 0 (for the hinged condition), 


but, = 0 and = =0, so 


_ Since ip for the left arch loading is equal and of opposite sign ip for the 


A ( (left aq (right arch) 


(55), (56), (57), ‘and (68) form, the set four equati 


4 


a: 


Combination IV.—Since, in this case, M4 = 0 and ig. = = 0, Mp = — 
from E seers (40) and (41), or substituting as before, 


(57 1), (58) (59), and (60) form the | set of four. equati 


—As for Combination Equations (45) and 1 (46) are 

7 _ available for he left arch; and as for Combination IV, Equations (58) and 
(60) may be used for the right arch. Equations (45), (46), (58), and (60) — 
then form de set of four equations required for Combination 

n VI —As for Combination TI, ‘Winston is for ‘the, 


“left arch < as for ‘Combination: III, ip for the right arch = 
Baton (50), ip for the left arch = — 
7 left arch loading i is ‘equal and.of opposite sign to ip for the right arch 7 
(for left arch loading) - (for right arch loading) 4 


= 1100  [Papers. | 
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othat y’ ‘a + Vad (a’ da 


“hi (52), (55), (58), (61) set at. four equations 


4 


4 


angi _ Temperature.—Corresponding to the six combinations of bearing, for r earth 


and water pressure, there are identical sets « of f formulas for temperature stress, 
with the following exceptions: “hit & ATS 


—Change | the last two terms in Equation (37) (37) from + = My 

. hing) —In all the other equations used for the solution of the seven forces 


Mo, Mp, Hp, Ve) omit all terms containing suc 


Note that for tem perature, the lower ‘sign is. to be used for temperature 
I 8} $3 I 

decrease and the ‘upper one for increase. arth ; 


—«Rib- Shortening. —As for the single arch, replace the term, E a t, with C 


and use the same formulas as for: temper ature stress in the double arc sh, for the 


solution of M4, Ha, Va, , Mp, Mp, Hp, and. Vp. 


In ‘Equations (45), (46), (40, ete. » the summations nominally extend 
te an outside abutment to the abutment of f the center wall, However, i in 


all, such cases the summation ‘contains dx : as a factor, which is zero for all 


enter” wall voussoirs. These summations, therefore, may be considered 
setually extending from abutment’ ‘the corresponding inner 


From 
General Conditions.— 


= 150; 
15. “The thrust at the of arch ‘was considered equal to the full 


| pers.) RCH 1101 

lm 
or the 
ff 

; — 
| 

ati 
ATIONS 
= i 

iim 

(59) — 

ations 
5) are 

werking stresses, in pounds per square inch, were used 
or a8 follows: Concrete, f, = 540; steel, f, = 16000; steel in compression, 

ading: 

“American Sewerage Practice”, Vol. 1, pp. 502-506. 
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arch was made | 3 in at f each 
footing; Section S- is considered fixed just below the springing lines. 


(Where 
“Tanger values are obtained | by the condition of fixing one ond and “hinging the 
other, these are used in preference. a ‘Sections D-1 and D-2 a are » considered 


hinged at the bottom of each footing. — ¥: (Where larger values are obtained by 


* _ the condition | of ' fixing one end and 1 the center wall and hinging the other, 


these are used preference.) Sections 8 and D- 4 considered fixed 

just below the outside springing line. 
Calculations for Typical Sections.—A Laaaies barrel arch section, 1 ft. long, ; 


: 18 in. thick at the crown, and 24 in. _ thick at the springing line and invert, 


was analyzed for the thirteen’ conditions (A t o M) of « earth loading wok | 
restraint (Table 1); for ‘the maximum full content of water in the sewer, with | 


"the three conditions of "restraint; and for a change i in temperature of 50° Fahr. | 
with the three conditions of restraint. * Fills over the crown were taken as 2 ft. 


and 10 ft. Since, for a given arch, all linear quantities, such as x and y, ete., 
are ‘constant, moments and thrusts will vary in a straight line with all positive 
‘fills over the crown. Thus, moments and thrusts for various fill aI 
interpolation from the values for 2 ft. and 10 ft. put 


A double- bar rel arch section of similar r dimensions was analyzed for vario 


Be eas of restr raint—for s sy ymmetrical earth loading of 0 and 10-ft. ft. fills, four 


‘different water heads, a temperature change of 50° Fahr. 
Pa In | addition, t the single and double arches encased i in ‘side- walls of ioe | 


height to. insure complete fixation were analy zed with shortened arch rings, the 


The results of ‘these « com aputations « “a , shown i in 1 Tables: 2 to 5 inelupive. 


Design of Spread Footing. —In the single- section sew er, as the fills 
greater the soil became firmer, 80 piven the bearing value of 24 tons per sq. ft. < 


if 


moment. The projection was made enough to be ample in resisting 


Extent of Various Sections. the profile, the 32-ft. _single-barrel sewer 


lt was separated into four sections and the 29- ft. double- -barrel sewer into three 


‘ForMULAS FOR THE SEMI- CIRCULAR SEWE 


- ‘The semi- -circular arch with side-walls of heights equal to one-third the 
radius is a standard section for St. Louis sewers. ee was found feasible to 


a formulas for thrust, shear, and moment for earth, water, and tem 


_ perature pressure at critical points in the arch for» various types of oie | 


4 ™ Now, ' for two such arches, if their earth- fills and water heads are proper 


tional, the bending r moments at corresponding points ts throughout their rings 
will vary as the cubes | of their radii. Similarly, the thrusts and shears will 
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REINFORCED CONCRETE SEWER ARCH 


the squares of their radii; and, since for any given arch, a simple 


wx formula can be found for these quantities: with varying: fills and water heads, 


formula for combined variation of fill, water, head, and radius may also be 


derived. As an example, the expression po the -earth- moment at the 


crown for a a arch will be derived. Gee 
TABLE 6.- —Riven Peres SEWER. "Sections FoR DESIGN. 


Approximate 
Earth. fill, Water head, 
ocation. th, 


Lafayette Bridge. 
Lafayette Bridge to 
Clayton Road. 
|Clayton Road to Oak-| 
land Avenue. 


Oakland Avenue to 
“Frisco” Railroad. 


With a a ai of 16 ft., the following moments would exist at the crown: 
for a 10-ft. fill = 11000ftlb, 
nt, Mi increases 6 600 ft- Ib. for every 5-ft. increase in fill. _ 
m with a \ radius, J R, of 32 ft., M = increase 6 6 600 X < (je) ft-lb. for every s 
ft. increase in fill, F, or 6 600 x (ie) * for every 5-ft. i increase in fill.* 


6 
which i is appeonimately equal to. 5R 
For the case of water levels crown the variation in 
az moment for a given radius is not uniform, but parabolic in shape, owing to 


the loss of loads along the curve of the intrados. - Thus, the crown moment ey 


t for 


single fi arch = R+ 4 above the crown intrados, 


error introduced by assuming that the ¢hickness of the arch ring is also pro- 
portional to the radius, is negligible. 


“a f In all cases it was found safe to consider all water stresses equal to oom, when the 
water surface was no than the bead arch. 


yes, 


7 
det ' 

— 

: 

ae 


- 


ypers. 


BLE BotH ABUTMENTS Fixep. Expressions ‘FOR 


Moments, Turusts, AND SHEARS. 


Hydraulic Gradient for 


A = Water Pressure Case 


‘Water Surface for 
Pressure 
Casell 


ot 
doting 7 
ion = End Fixed in Rock at End Fixed in Rock 
‘Bottom of Footing at Springing Line 
F 0 


Zero Values of Moment, atid Shear for Water 


Water Surface i is below Springing Line (kK R); F, K, and 


to be Calculated i in Feet; = Temperature Change. 


Point. Loading. Moment, in foot- pounds, Thrust, in 


WITH ENDS FIxeD AT BoTTomM oF Foortsa. 


.5 R2 (R+-0.25 H) 
Grown... Water—Ilt.. 5R 
| Tem perature| 20 
rib-| 


_shortening.. 
Bottom 


Earth 
foot- || Water—IIt.. 
Tem perature 
a nd ri b- 


PAD 


ARCH WITH ENDs Fixep . aT SPRINGING Linz. 


420 R(R+3,.50F) 

Water—IIt...| 2R(R—K)2 |—11. 50 0 


J 
4.7H) |—%4R(R+ 0.15 H) 
Ing line} | Tem rature 
shortening..|— 


-@ 6 


Water—I means Water Pressure Case I (see Fig. 10). 
Water—i means Water Pressure Case II (see Fig. 10). 


ers.) REINFORCED CONCRETE SEWER ARCH lov 
eads, — 
— 
t the | — 
— 
— 
1100 
iii 
20000 
— 
= 
15 (R 4 0.33H) |—18.5R(R+44.7 — 
Im 
vent for 
itrados, 
ditional 
— 


cH WITH One or More AsutMments Hincep. 


ABLE ‘LE ARC 
SIONS S FOR “Momenrs, Turusts, SHEARS. 


Water Surface for 
= Pressure 


Footingeng Hinged in 
Compressible Soil “Bottom of Footing 


ero Values Moment, hrust, Shear for ‘Water Pressure when 


Use Ke 
Water Surface is below Springing Line (K'> R); F,H,K,andR 

to be ‘Calculated in Feet; t = Temperature 

4 Moment, in ‘Thrust, in pounds. . Shear, in pounds. 


ED AT Bora ‘ENps. 


R- 


—28 (R 

4 


shortening : j +0. 06 t R 
17.5 RR — 0.36 F) 
: 2A —32 R (R+ 0.50 H) 
—82 (R — 0.90 K) 
+ shortening (0. +0. 06tR 


+66R(R41.70F) |4417R(R—0.39 F) 
—10.6 R2 (R + 0.40 #) —18:5 R(R+44.7H) |-82R(R+0.50H) 
[718.5 — 1.25 90K) 


Water—II+... --|10.6 R2(R—K) 


shortening. ........ 
Water—I means Water Pressure Case I (see Fig. 


| 
Bottom of 
| 
| 
— 
— a 
« 
i 


XPRES-_ 


End Hingedin 
Soil 


Water Pressure Case | 


Fre. 12. 


TABLE 8. WITH OnE E OR ABUTMENTS Hincep. 


Suears. 


Hydraulic Gradient for 


~ _ Water Surface for 
Water Pressure 


Case 


"End Fixed in Rock at 


(RP, H H, K, and Rt Calculated in Feet; —= Temperature Change. ) 


— 


Thrust, in pounds. 


‘Shear, in pounds. 


WITH ALL ABUTMENTS need 


Temperature and 
tening 


Temperature and 
tening .. 


Point R.. 


Temperature and 
shortening 


7R2(F—012R) |425R(R+2F) 
4.2R2(R+0.33H) R(R+2. H) 


2R(R—K)2 

RZ 

5 R2 (F'— 0.08 R) 

—9.1 R2 (R+- 0.20 H) 

—9.1 R2 13 K) 
—0.27 R2 


—1i.5 R2 (F—0.08 R) 
.-|—6.9 R2 (R + 0.88 4) 


—6.9 R2 (R — 1.17 K) 


+0. 
+66 R (R+1.70 F) 
R(R+4.7H) 
1.25 K)? 


+15.5R (R—0.50F) 
—31 R (R+ 0. H) 


+0. 


+0.19 t Row 


4 


ARCH WITH ONE END Hineep, OTHER Frxep, CENTER Wan 


| 


Earth........ 
Water—I* 
Water—IIt. 
Temperature and 
shortening 


rib- 


+5 R2 (F—0.04R) 
48.88 R2 (R-+0. 20H) 
43.88 R (R—K)2 


40.84 t R2 


R2 (F'—0. 


shortening . 
Earth 
Water_1*. 
Water—IIt..... 
Temperature and ‘ale 

shortening 


—11.5 R2(R+0.%5 
—11:5 R2 (R—1.18 


...|—10 R2 0.06 R) 
RS 
.|—7.75 R2 (R — 1.06 K) 


—1.00 t R2 


|494 R (R+42.30 F) | 
(R+1.70 F)|44 
(R+4.7H) —32 
R —1.25 K)2|- 
+50R (R+2.20F)) 
+10R(R+46.40H)} 
—10 (R — 1.50 
i 
+40.35 BR 


Water—II means Water Pressure Case II (see Fig.12). 


— REINFORCED CONCRETE SEWER ARCH (1109, 
| 
— 
— 
50 R (R + 2.20 F) 
.0.36F) ‘suf Water—I 10R(R+6.40 A) 
—10 (R — 1.50 K)2 7 
).90 K) Lea )Temperature_and_ rj 
ter—I means Water Pressure Case I (see Fig. 12). 


E ARCH ITH ‘hit, Fixep. SSIONS 


Ground Surface 


“Hydraulic Gradient for 


Water Pressure Case | 


TABL 


== Water Pressure 


tl 


4 


Outside Springing 


«End Fixed in Rock at 
Botiom of Footing 


* 


hange. 


Moment, itt 


Point 


{| 


Loading 


Thrust, in pounds. 


= 


‘Shear, in pounds, 
_ 


ARCH WiTH BoTH ENbDs FIXED aT BorTom FootTine; CENTER WALL ALso, 


4 4.88 R2 (F — 0.07) R 
1, 75 R2 (R 0.17 H) 
+ 1.76 (k — ~ Ky? 


(F—0.0R) 
75 R2 (R + 0.38 H) 
75 R2 (R — 

2 —0.07 R) 
(R + 0.40 H) 


Water—II t.. 
Temperature and 
rib- “shortening.. 
1 
15. 
16. 
|Earth 


421 R \R4+3F) 
—14.5R (R+ 4.4 H) 
—14.5 (R — 1.40 te 

+66 R (R—1.70 F) |422 R (R— 1.20 F) 
—138.5 R(R+4.7 H) |—43 R(R+ 0.50 H) 
—18.5 (R —1.25 K)2 |-43 R(R—K) 

+50R(R+2.20F)), #O-| 
—10 RiR+ 6.40 H) 
—10(R—1.50K)2 | | 
+1 


ARCH WITH Bora E: Enps Fixep at aT SPRINGING Ling; CENTER: WALL aT FoortinG. 


Temperature an 


wal 


|Water—1®.. 
Water—IIt 


0.08 


ese 


| 


+20 R (R + 3.50 F) 
—10R(R+6H) 
—10(R—1, i! 


rib-shortening.. 
Earth 


tR2 
R2 (F— 0. 02 R) | 
R2 


+ 2.86¢R 


—40 R UF — 0. 03 
25 H) 


“Outer 


Pano 
Beas 


4 


Water—II+ 
Temperature and 
rib-shortening.. 
Earth 


Re 


t 


98 Ky 


"+0, -50 


(R— K) 


ney 


GD 


Water—IlIt......... 
Temperature and 
shortening.. 


20 F) 


— 
— 
Bottom of | 
| 
— | 
— 1 (R—K)2 | 
| 
+ 1.70 F) 
ore | 
cr 
Water—II means Water Pressure Case II (see Fig. 13). 
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ries 
a height of gradient above the tance ce from the — 


water surface to the crown when he sewer is filled. 
of temperature stresses, for the fixed single arch: remy 


I will v ve 


Therefore ‘T varies as the > power of the ‘moment, —Theq quantities, > Sy and 


as, 8, will vary as th the span or radius, and the q e quantity, — ast the square 


= 


in sal a, t ik, ks, and k are That j is, varies as 


square of Lo * This relation for moments throughout the arch. 


seetion | can be quickly de igned after the radius, earth- fill, water head, tem- 


_ perature change, and character of abutment have been determined. 


Although | this p paper attempts to present the hinged ‘sewer arch as a definite 


economical engineering structure, the fixation of one or more abutments 


i is quite possible. . Fixation of one end might | oceur when the rock plane has a 


considerable slope « across the sewer line, or when the rock plane along one abut-— 


ment line is above the abutment level, while the plane along the other line is 


several feet below. ixation of both ends might occur with | a ‘more or less 


bas 


level rock plane above | the abutment level. In all cases of fixation, } however, 
arch ring should be considered as by the amount of side-wall 
in the of the to develop the fixing moment. 
03 R) 
H) 


to compression along the a oxtredcs the side- 
ti is quite probable ‘that in an actual sewer, neither complete fixation nor 


complete the abutments (as represented by the respective mathe- 


‘matical equations, = 0 and Ma =0) are realized. 


for a partial fixation Tie between and never outside those 
the completely fixed and those for the completely hinged arch. his fact 


1ens the importance of considering the. hinged arch, since ‘it is only” at 
| 


be 
| ring, 
| 
an 
— 
— 
inds. 7 
1 
— 
— 
| 
— = 
— 


_ REIN FORCED CONCRETE SEWER 


Left Abutment Right Abutment, /| 
+30} 


Both Fixed 
—-— Both Abutments Hinged 
Left Abut. Hinged, Rt. Abut. Fixed 


‘SYMMETRICAL ARCH 
8’6”RADIUS, 
UNIFORM FILL =15 FEET, 

: \ WATER LEVE 


Bi 


~ 


ac Spread Footing 


VERTICAL EARTH PI PRESSURE wate PRESSURE HORIZONTAL EARTH PRESSURE 
NOTES:— Arrows Indicate approximate Center DEFLECTION OF 
"Water Loads on footing neglected; TYPICAL LOADINGS) 


Bee: equal reactions on Soil in same plane, 


Exaggerated Center Line Stressed Arch aig ae 


| 


| 


— 
= 


apers. 
the abutment that the bending for the that 
for the hinged arch, — Partial fixation, in all probability, reduces this excessive a 


fixing moment to an amount equal to or less than the maximum sustained by 


Crushed Rock and 
ile Brain 


Ff 


tan 7 


A typical bending moment variation throughout a a single arch ring for the 
= ie conditions of arch sup rt and the three main types of loading, i is shown 


deflection of a typical hinged arch under the three, 


So types of loading. It i illustrates the co- ordinate bending due to vertical poan' 


water pressure, and the a opposing effect of horizontal earth pressure. get 


Some of the sections to be used | on the River Des Peres Drainage Works 


are given in n Figs. 1 16, Vv = and 19. Figs. 16 cag Mw 7 represent the single arch 


and Fig. wa special peri of ‘the ‘Qube’ arch with: 
Grove Branch, which earries a short distance from Manchester “Avenue to the 


upper end of the open- 


ers. 
~ 
4 
= 
— 
— 
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SECONDARY STRES SSES IN B 


-Discussion* 


4 
By Messrs. F F. P. and AURENC ance J. WALLER 


cor ‘rectly indicating how the members of a frame will be strained under Joad. = 
“The ‘labor involved i in working out these stresses is immense, and it is 3 quite 


conditions, to apply it to the 


The aim is to produce the safest, rigid, and lasting 
with the least amount of material. ‘Theoretical fiber. stresses 3 should 
a 


on existing structures to engineering judgment i in designing 


and proportioning new structures or in determining the s safety of old ones. 
The term ‘ “secondary stress” is generally understood to include only those. 


‘sii which would not occur if the structure had perfectly articulated joints, ; 


This ideal condition is impossible, because of certain physical facts which | can- 
~ not be eliminated ; actually, secondary stresses exist in “every framed structure — 


= there i is restriction to > some e degree i in every joint, 
ation or 


4 


It was with great interest that the writer read Mr. Godfrey’ 8 cussion 4 
with whom he agrees most thoroughly. Godfrey truly states that. no steel 
structure has’ failed through the neglect of providing for secondary stress 


Brig: Caerigs! of the counterweight truss members of the bascule bridges referred 


to by Mr. Godfrey | was attributed by some to secondary stresses 5 but no con 
ake proof of this was given. - careful study « of these designs would point 


- an equal probability of the failures being due to. the tearing effect of the 


_ embedded trusses on the main members, because the combination of concrete 
and embedded steel had ceased to function. The breaking of the bond of the 
concrete was due to the frequent reversal of ‘the stress. 
RL 


engineer familiar with the fabrication and erection of steel york must 


ealize that even in the hands of | the best bridge companies, the steel is sub- ai 
jected to greater strains than it can ever ‘receive under its normal loading. a 


5 _ * Discussion on the paper by Cecil Vivian von Abo, Jun. Am. Soc. C. E., continued from 
+ Chf. Engr., , Dominion Bridge Co., Ltd., Montreal, Que., Cc nada. 
Received by the Secretary, April 11, 1925, 


not be permitted to befog the real issue, but aac be used i in n conjunetion with 7 


— 

Th: 

€ 

4 

ag 

( 
| 

a 

‘ 

| 


of steel is “practic: ally the only one in which it is 

- to neglect: this quality deliberately. Indeterminateness i is avoided and any form 

. continuity is unfavorably considered, because the supports might move and 


use strains beyond the elastic limit, but, in practice, many examples of steel. 


| structures are found which are safely performing their duty | in spite of some 
“injury to to their members that has distorted t them far beyond the ultimate 


st rength « of the material, if calculated according to to the « elastic theory. On the 
= hand, ‘material such a as concr rete is used for all kinds of construction where 


nust Ne 
me continuity and other forms of indeterminateness exist in spite of the fact that 
or. 


— To determine the effect of secondary stress from rigid joints on the ie safety 
of structures, it is necessary to know by experiment. or practical | experience 


__ whether or not restricted straining (secondary stress) really weakens members 7 
stressed i in direct tension or compression in ‘proportion to the i increase 0 of the 7 
ae 


theoretical | fiber stress. Z _ Experience : seems to indicate that it does not, in fact, ‘ae 
ff) there is much to show that secondary stress is more often a source of nr q 


mes. ind LAURENCE J. Water, * Assoo. M. Soc. C. E. (by letter). 


hose s work compiling and comparing the various type es of secondary 

ints. stress analysis has placed before the profession an invaluable compendium | of 

wi ity: It has seemed to the writer that, in the case of the average engineer, r, the a 4 

selection of a method of ‘secondary | stress calculation | been almost entirely 

aa fortuitous. The sources 0 of f information are not extensive ; the e subject itself 

is not in common usage, is s relatively difficult, Faced with a choice 
the between a number of highly technical 1 systems having no basis of com- 

parison other than actual trial, « engineers have largely used the system nearest 

ons at hand, with the va varyi ing degrees: of labor ‘required | and ac accuracy attained. 

stee ‘The author’s critique makes it possible fi for the engineer promptly to discard 

— ‘complicated 0 or inherently faulty systems i in favor of the simpler and more> 


The writer considers Mohr’s semi- graphical method to be the most prac- 
tical thus far devised for the usual 1 type of bridge truss . The precise details — 

of this. ‘method, however, r, are ‘subject to considerable variation. Personally, 
writer | an arrangement of Mohr’s method so far not touched on in 
this discussion mn, namely, that of Mr. G. nomenclature 
the arrangement are lucid and concise, and possess to an eminent degree the — 
property of being readily visualized. Contrary to the author’s preference, the — 
solution by successive substitutions probably ommend itself to the pro- 
rather. than elimination by Gauss’ normal equations, , particularly 
the case of long span bridges. Instead of the usual substitutions, a_ ‘more 


J 


Ew 
rapid convergence of values is effected by using in a given equation the last 


*Civ. Engr., Austin & Ashley, Los Angeles, Calif. 


“Studies in Engineering No. 1”, Univ. of Minnesota. 
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oN IN BRIDGES: 


Extreme precision i in secondary stress determination is not only unwar-— 


ranted byt reason of failure tos ‘secure: the basic assumptions of analysis, but i is 


The assumption of perfect fixity at the truss intersections ; 


The assumption of perfect. elastic deformation of the me 


in fixity because the n moment of inertia of some gussets may great 


as that: of the truss member itself, whereas: the moment of inertia of other 
Sr gussets may be only a small fraction of that of the main member. — Indeed, d, 

7 German and Swiss tests, as well as tests at the University of ‘linois, have — 

indicated the lack of perfect fixity i in gusset- plate connections. This: lack of 
“fixity is due to (a) rivet slip and (b) elastic deformation. ‘a The variations 

from the assumption of perfect fixity have been characterized* “not intro- 
.. ducing serious errors into the results”. This finding is to be expected, but 


would indicate the uselessness” of highly refined secondary stress 


1 
_ Due to to the variant moment of of inertia : ana length, of the gussets, there i isa 
-variant and appreciable zone of restraint past the intersections, with a resultant. 


_ The assumption of constant moment of ‘inertia i is, , of ‘course, never realized — 
in practice, Deep: and heavy g gussets and splice members willl mate- 


be ~ his discussion+ D. B. ‘Steinman, M. Am. Soe. C. E., mentions a variation : 
in the usual s secondary s stress procedure which involves the recognition of a 

variable moment of inertia in the members. px procedure should largels 

The total stresses, primary plus secondary, as determined by the usual 
aaa are somewhat modified by the existence of certain concomitant con- 


ditions not usually analyzed or considered. The more obvious of these are: 


@ The effect on the unit ‘ated 4 of increased section 


The effect on the unit primary flexural increased moment of 


(3) Faulty fabrication, including such items: as 
inaceurate facing of compression surfaces, sections that are in wind, 


"Sail (4) Initial stress in sections due to the effect of the dtaening rolls. 

ae (5) Temperature variation between different members of the truss. Bi ag 
* Bulletin No. 104, Univ. of Minos. 


+ Proceedings, , Am. Soe. C. E., February, 1925, there and Discussions, p. 297 
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- Bending in 1 the verticals caused by of floor- 


(8) Torsion in chord members due to deflection of the floor- -beams extend- 


(9) Longitudinal stress caused + frietion of voller at at a movable 


‘ 


load. 


sreat 
as but the calculation of their precise values i is commonly disre- 


& garded by engineers. This procedure is justified by reason, for their complex - 
have nature and erratic occurrence preclude the “possibility of a precise analysis 
: — without an expenditure. of time out of all proportion to the small eiditienal 


These would indicate the futility of striving after great 


deed, 


a precision in secondary stress calculations | through the medium of rigorous 
following the so- -called ‘ ‘precise methods”. As men- 


cessive provides. a lucid ‘oul expeditious ‘analysis, and one which 
possesses ample accuracy considering the modifying effect of the indeterminate _ 7 


de. Apropos of the sang questions of relative fixity of members at panel points, 


lized 
nate : recent, German strain- “gauge tests may be of interest. They 


sa aken on the center bottom chord gusset - and connecting members ina truss 
6.0 m. in ‘span and ‘5 m. in height. The truss was” loaded at its ‘center 
ae upper r chord panel point with a load of 50 metric tons. In every instance, 7 
a relatively close agreement w as found between the actual stresses wal those 
premised from the assumption of fixed ends. The results of this test, 
as of other similar tests, emphasize the statement that the fundamental iy ‘ 
of "fixity of ends as applied to secondary stress analysis is sound; but that 


high ily refined methods of calculation | are ‘unwarranted, because of inevitable | 


* Schweizerische Bauzeitung, September 23, , 1923. = 
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rE, GERARD H. Marrues, 


Fo ORD ‘Ren Ww. Comstock, MERRIMAN, Weston 


FULLER | AND H. pe B. PARSONS. “ties 


{ ,Q= = § 000 VM. He realizes that the constant, t, 5 000, might 


_ have ‘to be e enlarged to apply to possibly forty localities. The u use of | the symbol, 


_ Since the writer has studied the ‘paper (which is both timely and inter- 


esting) and, in connection with it, the contributions flood flow 


Soe. C. E, it seems to tot propose definitely the 5 000, 
at this time bieeauits the author’s Table 2 ‘I covering more than 1 000 records, 
57 cases where the factor 5000, is materially exceeded, of which 23 


“cases exceeded even 10( 10 000. . Ins In studying these data, to offset the inadequate 
length of observations, a a factor w was applied to the readings multiplying g them 7 


= by “quantities between 1 and 3.40, the member, 3.40 , applying to records of | 
one year only or of indefinite and unknown periods. This is in accordance: 


race 


) example, Table 6 shows 6 of the 23 cases, in which the sista’ s value. . 
. of C (10 000) would be replaced by | numbers from 21 400 to 87400. The e mul 


: -tiplier, 3.40, was used in each ease. It may yet be possible | to eliminate dis- 


may need be. ‘Then, as suggested by the 


be adopted to represent certain drainage | basins—if it is possible to tell the : 
_ relation of future floods in different. parts of the continent or of the g globe. => . 
a ‘It seems hardly necessary to mention that an average of the flood flows — 


la recorded would be far less than ‘the : average actual maximum—if there aeosl 


such a thing—as - fully on one-half of the values given as maximum floods are me : 
maximum at all except possibly for a day. = 


_ = — on the e paper by Cc. S. Jarvis, M. Am. Soc. C. E., continued from May, 1925, 
Res. Bridge Engr., Oklahoma. City, Okla. 
Received by the Secretary, March 31, 1925. 


_ § Proceedings, Am. Soc. C. E., , December, 1924, Papers and Discussions, p. 1553. 
| Loc. cit., pp. 1563-1579, 
1914), Table 2, 
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3 ae . ‘The writer believes that the mrst essential 1s to have the constant, C, larg : 
34 
568 


TABLE 6.— 4 Foil 


r Run-off,in | = Maximum run- 
in of | second-feet Multi lier + off expected, in | 
wi miles. record. per *'| Second-feet per | 


100 000 400 

32 

* Data taken from Table 37 of the paper on ‘Flood Flows” by Weston E. Fuller, 

Am. Soc. C. E., Transactions, Vol. LXXVII (1914), p. 650. 
e the 
1€ _ + Discussion on “Flood Problems”, by H. P. Eddy, M. Am. Soc. C. E., > Fr, Vol. 
(1922), Fig. 45, p. 1526, and Table 1628. 


‘Fig. 11, Line by the writer, from made for the State 


factor a a homa, , compared with the lines, M and K (all three lines being for maxi 


‘mum second- feet per square | mile), shows how the » maximum ‘recorded Seeds 


= 
have become greater as the records have increased the working g¢ data. cic dil 
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The author seems to have his flood values under. good control. . Nos. 275 | 
and 493 (Table 2), however, apparently give values for the constant, C, of — 
‘slightly more than 10 000, being 11 683 and 10 029, respectively. 


ot would be interesting to know whether the author finds that any of the 


Papers. 


3 drainage | basins named in Plate ‘VIII* are found to have definite values or 


“percentages of the constant, C= = 10 000; ; for + example, w whether the flood values 


for any are within the limits of the (10% class a and have 


M. Am. Soo. C. (by letter). listing data 


ty pire 


considerations that are often left unrelated”, the author prepared a 


most interesting paper. The Wuile subject is in a chaotic state, and discussion 


it necessarily depends much on individual opinion. Any effort to clarify, 


systematize,, or in any way make definite the problems involved, is a profes- 
sional and public service. _ The next fifty ‘years will see much development | 
along the line of placing r river hydraulics on a scientific basis. 
- The ‘special problem of provision for flood flow at river crossings is | com- 


monly one of erosion phenomena and only oceasionally or ‘secondarily one 0 


back- flow and consequent damages. seems ‘important emphasize a dis- 


- tine ction between streams with very mobile beds, in which, owing to bed erosion, 
the flood velocity is constant, and streams in which the bed is so stable ‘hat 
"increased flood velocities encourage lateral erosion. former u nder« 

‘bridge | piers and cause them to overturn, due partly the pres- 
sure of silt not eroded; or they may allow the abutments to slide into the bed 


of the stream, | often together with ‘the foundations. ‘Streams of the second 


class are, more re likely to. back- cut their abutments. bridge engineer 


Scour and fill in one cross- rection may be due abs 
Changes of location of the thalweg i in the section considered. 


‘Changes of location of the thalweg i in up-stream sections resulting 
a of burden of water 1 threads where they cross the given section. (Note 
het increased erosion in the up- -stream thalweg does not necessarily mean 
7 increased burden i in the thalweg ¢ of the e given section, for, owing to its greater 
nertia, the sediment does not move exactly i in n the line of the Sicha threads. ‘ 
re ‘Changes in erosive activity due to causes other than velocity. at any: a 
point in the section. (Differences in the eddy- forming power | of ‘obstructions 


a with th changes of : stage and, if ' Kennedy’ s law is is applicable, changes i in the rela- — 
tions ns of depth to velocity at various points are here indicated.) 
Of these | causes, , the shifting ¢ of the hydraulic axis with the | stage is im- 
portant at bridge cr crossings. Many bridges carefully located ‘square to the 


of mean flow ¢ are skew to the destructive currents, of the ‘falling flood 


_* Proceedings, Am. Soc. C. E., December, 1924, Papers and Discussions, P. ‘p. 1555. 
Prof., Structural Eng., ‘Univ. of Illinois, Urbana, 
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of the causes of increased | erosion on a falling g stage. Water -soaked banks : are 


another important element. Most. serious in many cases is the tendency to 


flank the abutment by back- cutting eddy below the approach || 
MH Tt is important, also to distinguish between the action of protracted and 
that of “flashy” floods. The latter, of course, have not time to’ improve the 
hydraulic efficiency of the bridge opening and, therefore, back- ck-water may pro- 

duce hydrostatic | heads against the approaches. 


ea 


twenty general rules formulated : in the « case of the ‘Indus set the Indus River 


d by the condi- 


att the top, is by sandy strata which can be readily undermmied. 

“Erosion is generally more active a falling than a rising 

stage of the river, as in the former case the unsubmerged and overhanging 
bank 3 is charged with moisture which bos it and diminishes its cohesion.” 


im, “An embayment is, almost invariably, nail first below this point [a resist-_ 
‘ing projec tion of the bank] owing to the swirl of the — produced by the 

— “TE this embayment becomes sutficie tly deep, the projecting bank will be 


* Although it is of quite as much economic ‘importance a: as ‘any other phase 
of bridge design, the problem of the design of river crossings, as distinguished 
from the structural design of bridges, is one on which little : accurate informa- 


ae tion is available. It is 5 encouraging t to note how fully the author and his co- 
“workers realize the intricacy of the problem. | ‘It is ; to be hoped that such ; 


Papers as t this may bring out the huge mass experience on this subject 


possessed by drainage engineers of railways. The writer 
the subject can be put ona basis approximately as scientific as has been nal 
Ww. + Assoo. M. Am. Soo. “(by letter). +—This paper 
valuable in that it br rings: giles. large amount of data ¢ on flood flows. Thi 
: information. may serve as a rough guide in the design of hydraulic structures, — 
but t the writer is of the opinion that a much more reliable indication of 
floods may be obtained, particularly for those in streams for which 
a few years’ discharge records are by a ‘me ethod from 
The discharge rate of a any flood ‘product of innumerable factors, 
&F and the combinations of these factors which cause floods on any stream give 
, rise to discharges which have wide ranges of magnitude. One of the im- 


—‘Portant factors i is the area of the water- ‘shed, and this i is the only one which 
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in the formula which he adopts. After its s effect is elim- 
inated as far as possible, the data given still show a range of discharge repre-_ 


— sented by numerical coefficients of from 50 to 10000. ~ When the selection 
the proper r coefficient is left te to the judgment of the individual engineer, 
it is obvious that the formula itself is of comparatively little assistance. » 
many factors” combine in. causing floods, they ‘may be divided 

into two groups: (1) Those depending the physiography of ‘the basin in 
question ; and (3) those depending the weather. In the first group, the 


bility of the water-shed, and the availability of storage in lakes” and swamps. 
“perature, a1 and th the snow and conditions on the water-shed. Vegetable 
Fora given point on as stream, the factors in the first of these groups are 
constant ; that i is, these « conditions remain ‘the s same. Weather conditions are 
probability law. This is particularly true of the we eather phenomena that 


“most important factors are the e area, topography, geology, shape, | and p / permea- 
7 ho e of most importance in the second group are the precipitation, -tem- 
cover ar and the condition of ‘storage of water in 1 soil, are 
realy products of factors from each of ‘the two groups. 
. proverbially variable, but, although they cover a wide range, , they follow s¢ sol me 
: Asa rational flood formula must take into account both these ¢ classes of of | 
influences, it should be made w up p of two parts. . One we would be a factor -express- = 


ing the physical characteristics of the stream; this would be a constant for a 


still more for the streams of a given region, and widely for the streams | of 


continent. The other part ‘would express a probability law which would 


wit 


practically y the same over a comparatively large area, but not necessarily 


given ‘point, but would vary somewhat at di different points on the same stream, 


* The writer believes that any formula which does not ‘include the e 

of both these groups ‘of influences would be only a rough approximation and =| 


of little usefulness. formulas have a factor for water- shed area, some 


and 
seems to be the ‘sills one that gives numerical values to > the probability fi ‘fac tor 


ers 
4s and also considers the basin characteristics. As an example of the neces ssity 
I 


considering the water-s -shed characteristics may cited the comparison 
of the Deerfield River at Charlemont, Mass. » with Miller’s River at a 


Mass. streams have nearly the se same drainage area, but the “former 


gan 


Riv iver at Merrimack, N. H. gives discharges about three tiles as large a: as 


the Swift ‘River, at W est Ware, Mass. » although 1 their drainage areas ar 


—_— equal. Ifa as great variations as these occur in as small a region as 

Ne w England, where weather conditions are nearly uniform, show much 
‘danger variations \ ean | be expected when the whole United States or the entie 


Transactions, Am. Soc. C. E . Vol. LXXVII (1914), 
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when The author has objected to the time element in flood — s as “too 
often the basis of error’. It is true that it may sometimes be - misunderstood 


by those: who blindly apply formulas without much thought as as to their mean- 4 
iW 


ing; but must formulas be made so simple that the least intelligent or informed 
ma} readily understand them, thus denying a useful tool to those who are 
capable of | using itt Progress is not made > by that method. As a matter of 
fact, , Progress in engineering science is so o rapid that the products of the best. 
‘wale in one . decade are used by all the fairly well informed in the next, so 


that even if a development seems complicated | at the time it is made, in a few 


years it will be considered relatively simple. ail, 
J The writer believes that the time element in a rational flood formula is a 


simple thing, well within the comprehension 0 of an ordinary 1 mind. . Unfortu- 
nately, its meaning has been needlessly obscured in the development of the 
Fuller” formula. - Suppose there was a long record (say, 1 000 years) of the 
flood discharges of a stream ata a given point, arranged i in order of their 1 magni- 
‘tudes, beginning with the largest. - Suppose the one- -hundredth i in the list had 
a discharge of 5 000 sec-ft. There have been 100 floods in the 1 000 years with 


a discharge of 5 000 sec-ft., il more. Therefore, the average interval between 


floods of 5 000 sec-ft., or ere ~ = 10 years. at a spillway on nada 


- stream at this point had a a capacity | of 4999 sec-f -ft., its capacity would [be 
‘exceeded oF once in 10 years on n the average. The probability of its capacity 


exceeded in one year would be 0.10. convenience, call the 


average it pees, in years, 7 ‘Then the probability of occurrence in any one 


would be interval Mr fuller, in which the chances 


a that magnitude « occurring are to the chances that it will 
>. Tou use the example of the spillw ay again, , the 


“Interval | used by Mr. Puller, which he computes from his average maximum 


flood or ‘median ‘maximum flood, is the interval for which the chance of the | 
“spillway capacity being exceeded is equal to the chance that it will n not be ; 


exeeeded—one | chance out of two, or 0.5 5. Since the chance in any one year is 


0.10, the period for which the chance would be 0. 5 would be five years, or 
a 


The writer believes that the use of interval, J, is more under- 


‘the interval used by Mr. Fuller. 


This discussion 1 may seem clementary, but it indicates how simple the 


Gi 


of the’ probability formula | is apt to in the. mind of the 
- engineer when he considers a case where several unusually, large floods come 


Within a a short interval, or where severe flood conditions oceur simultaneously — 


over a a wide region, as happened i in March, 1913. ‘He iinet remember that _ 


theory on which life insurance is based is disproved because several 
“ members of the same family may ‘die i in the same year, or because an epidemic 
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ps he cour These 
es | in the field of insurance are re paralleled in the field ‘of flood. probability. 


. ue — To try out the writer’s ideas on the development of a logical flood formula, 
study was made of the floods of New England rivers from the data com- 


piled by C. H. Pierce, M. Am. Soc. C. £E . The 2s probability « or average interval 
curve was: for each station having sufficiently complete records 
The flood discharges at the ‘station in question were. arranged in order of 
beginning with the largest, and consecutively, the 


a argest b being No. a a _ Disregarding 1 the error due to the fact that the record 


& covers only a short period, the average interval, i between - floods as large o or 


larger than any one of those listed, can be found by dividing t the length of 
the record at that station, in years, by the serial number of the flood. ~ Thus, 


with | a 10-year record, the value of I for the ‘magnitude of Flood No. 4 would 


= 2.5 years. Average interval | curves: Were then drawn n showing the the 
< relation between the flood magnitude, in second-feet ‘per square mile, and the 


average interval, a Logarithmic, semi- -logarithmic, and. probability. paper 
“we ere used, but the best results were obtaine d from the semi- Seeuaiienin paper. 
Fig. 12 are shown the resulting ‘curves. Many of the data were in the 


vig 

form of peak flows, but - other records consisted of one reading: per day, the 

higher of two readings per day, and the’ average flow, the various kinds | being 
indicated by different symbols. On account of the wide difference ia wait 


tlows, ssary ‘to divide the data two parts, and ‘use different 
seales, in order to to plot ‘them on a diagram of reasonable size. Table 8 


eason 


principal data regarding ‘the stations the records of which were used. 


On account of the fact that the length of record was insufficient to determine 
the average interval for floods of greater “magnitude, | the values” 
— indicated by | the highest points are made less prominent. It will be ‘seen that 


all the curves, as indicated | by the data, approach reasonably close to “straight 
and converge to approximately the same point. 


aed g. 12 shows that the average interval between floods of various magni 

“dl “tae the New ‘England rivers can be expressed by an equation of ‘the 


in which, Q is the discharge in -second- feet 1 per square ‘mile which be 


equalled or or exceeded allege average once in I years; K is a constant for | the 


station | in n question; and Bis a constant for New England streams and 


probably nearly constant for a “much larger a area. eh 


It will be seen that this formula is made up of the two parts 
_ mentioned a as being what one would expect in a rational flood formula, namely yy 
a constant, representing the phy sical characteristics of the water-shed, 


and a probability factor, log I representing the weather variability. 
Although the writer had available only the data for New England streams, 


“from: the results of Mr. Fuller’s” ‘studies, he believes that an expression of 


ee “Flood Flows of New England Rivers” , Journal, Boston Soc. of Civ. ~~ — 


1924, » Vol. No. 8. 
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the form of ' Equation (4) wou 


States eas 


ld apply t to manila: all the r 
t of the 95th ‘Meridian, which is roughly the w 
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rivers in the United 


western boundary of 


the States immediately west | of the Mississippi River. He is inclined to doubt 


‘its applicability to the “plains” rivers, } 


many of the mountain ‘and Pacific Coast rivers. 


TABLE 8.—Run-Orr 


but believes. that it would a 


to 


StTupDIES OF OF New Encwanp Rivers. 


square | record, 

..|Holyoke, Mass .... 

..|Connecticut Sunderland, Mass 

.|Merrimack...... Lowell, Mass.... 4 097 

.|Connecticut Orford, N. H.. 

.|Connecticut 

| 


Connecticut.. 


..-|Machias River 
.| Ashuelot 

Miller’s 
‘Deerfield 


Whitneyville, Me... 
N. 


|Peak flow. 


Mean for 24 hours. _ 
Nearly all peak flows. _ 
Nearly all one reading per 
One reading per day. 
Higher of two or ‘More 
readings | per day. 
for 24 hours. 
One reading per day. 
Higher of two readings 
_perday. 


rea ing per day. 


Higher of two readings 


_ per day. 


Peak flow. 

_|Nearly all flow. 

 |Peak flow. 

|Nearly all 

 |Peak flow. 
-|Higher two 
per day. 

Peak flow. 


Peak flow. 


Representing the magnitude of rt | flood with an average interval of one 


4 
year as which, for convenience, may be called the “one- yea ir flood”, from 


10-P. | Deerfield . 
'|Housatonic: Great Barrington, Mass. 
Cady’s Falls, Vt 
.|Gibb’s Crossing, Mass... 


West Ware, Mass 


|Mean for 24 hours. 7 


|Peak flow. 
peak flow. 


. |\Souhegan 
.| Westfield.... 


...|Quaboag Bumfield, Mass .. 
.|Middle Branch, Westfield.|Goss Heights, Mass 


res 


+ 


This is of. any same form as the Fuller forma 


 Q@=C As + 


gT) 
and shows t 


hat am magnitude of floods of various © intervals is a logarithmic 


function of the “one-year flood” discharge. the data on harge 
expressed: in terms of heir: to the “one-year flood” all the ‘ “discharge- 


“= # average interval” curves should fall on the same line. This permits of co 
ing all the records, as Mr. Fuller did, into a single record, with the result 


°« =a n determining this curve, all the different kinds of records were used, 88. 


seems to be no great variation, between the shapes the curves 
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: jiferent kinds of observations. It is possible, however, that if records 
ndary of ere available, a difference might be shown. 
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4 
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rt he value of was found ‘to be 0. 690, i differs 


T 


the 0.80 found by ‘Mr. F uller. Iti is possible that if ‘only the‘ ‘average for 24 
hours” and “one ri reading a ‘records were used, | a better ‘agreement with» 
”, from the Fuller would have resulted. Mr. Fuller’s data were based on 


penen supposed to represent the average for 24 | hours. In a great many ¢ cases, ay 
however, the observation was made once daily, which reading | was assumed to. 


- The writer does not claim originality for his » method of determining flood — 


probabilities, or or for ‘the formula, although they v were independently developed 


= d 
believe, however, that the method he has ‘outlined leads to a flood formula a 


which combines rationality, simplicity, and accuracy to 0 as great an extent 
as is possible for so complex a phenomenon a as fi floods. 
charge The method here given ‘for 
| the flood probability formula has certain over the methods here- 
- tofore proposed. _ Although h the fo form of the result is very similar to that | 


reached by Mr. Fuller, the method i is less laborious, ‘and has the great. advantage 


that the meaning of the result is definite and readily understandable, as 
compared with Mr. Fuller’ s “average maximum flood” and ‘ ‘median maximum ip ty 


food”, which a are difficult to understand , “if not indeed practically 
Meaningless”, to use” e the words ofa ¢ engineer. the 
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method, ; the hoods: intervals of which are less 
. —_— y determined, are » automatically eliminated in the determination of the 


en year flood, while in the Fuller method, a single flood _ considerably larger 
the pees ‘members in the too much influence on ‘the 


The s method is identical with that & Hortoy, 
* M. _ Am. Soe. C. E., in his disecussion* of Mr. Fuller’s paper, but is an improve- | 
ment on. the Horton method in that it takes, into con: consideration all the floods 


‘the stream, and “not merely the largest « in each calendar year. h 


weing « only the largest flood in any one year, r, Mr. Horton’ s method i is subject 
to. the « criticism he makes of Mr. Fuller’s method, namely, the failure to use 


If time an and data were available to carry out ‘the work for other sections 
of the United | States as s the writer has done for New England, and a study w was 


made o f the conditions which give rise to different index values, in order 


to determine with reasonable accuracy, from the | character location of 
a the water- ‘shed, whet the flood index would - a tool of great value would 


in the hands of hydraulic engineers, ‘ete 

work necessary for collecting these and analyzing them is so 

4 _ great as to be prohibitive to a man of ordinary resources, but its value to a 


ne single piece of construction work could easily exceed the ¢ cost of the entire 


inv nvestigation. The logical body to make such a a study: is the Society’s 
: _ Special Committee o n Flood-Protection Data, and the request of this Com- 


mittee that the Society appropriate funds for an investigation of flood flows 


be granted. “The results would add many times the cost of the work 


hi F ‘or the last ten years, the writer’s work has been ‘on flood prevention; 


before starting the studies outlined in this discussion, he was quite , skeptical 
of flood flow | formulas. Working entirely independently, he has arrived at 
‘the same general form of equation | that was reached by Mr. Fuller, although 
the meaning of the terms of the two formulas, and the method of deriving 
them, are somewhat different. iil He is convinced, there efore, c of the correctness 
of. the general formula and believes 3 that f further er study should | be along the: 


dine of determining the constants for various streams, and the limit of 


applicability of the formula. ir id wort! 
Some objection has been made to the logarithmic form because it fails to ; 

i give a maximum value which ¢ can never be exceeded. The writer does not 


-4 § consider this a serious s objection. It is based on the assumption that there is 
a few: times” great as the 10-y -year magnitude become 80 
infrequent as to be almost geological periods apart, in which time the river 

may become a sea bottom. It is much better to have an 4 
- formula agreeing with the data within practical limits than one » which 13. 
logical according ~ to an improved theory, but may not agree so well. V With | 

— equally good egreement with the flood data, the writer would prefer 2 oe 


Transactions, Am. Soc. C. E., ‘Vol. LXXVII (1914), p. 665. 
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LANE ON FLOOD FLOW CHARACTERISTICS 


are logarithmic formula to one having a maximum limit and being thereby com- 


larger In this discussion it is not the riter’ intention to develop a ‘satisfactory 


ce on the flood discharge formula, for much study is necessary , before such a result can 


be reached, but he out some of the basic 
Horton, 


imp! prove- 


the floods of further is area on 
eo thy discharge. Mr. Jarvis has adopted the area factor as the 0.50 power, Mr.) 
” subject tf Fuller derives the 0.80 power 4 from nearly equally good data. Talbot used the 


my 
re to use 0.75 power, and other results have been. found by other " investigators. It is | 


—_— doubtful whether any single figure will | cover all ca cases, and where an attempt 
sections is made to predict flood discharges at one point on a river from the data at 


study was another point having a considerably different drainage area, or different 
in order water- shed conditions, an: exercise of judgment would be necessary. Saal 
cation of For r example, at Dayton, ‘Ohio, two rivers of 1 "roughly the same hail - 
ue area as the Miami River join ‘it at nearly the same point. all the areas 


are small. ‘enough | to be covered i in many cases by the ‘same storms, the 


flood discharges of the Miami below the junction, per unit of area drained, 


alue is only slightly less ‘than that of the individual the area 
he "entire drained i is about three. times as large. As an example of another condition, * 
Society's “case | of the Arkansas River might be cited. Its. source is in the ‘mountai 

but the lower ‘portion flows through the plains. The ‘flood characteristics 
00d flows 


the mountainous 1 par te of the drainage area are entirely, different from those 


below. It is ‘evident that any area factor would have to be applied. with judg- 
be ’ iment, but the writer believes that when flood probabilities are worked out for 


the w work 


vention; many 8 stations on ‘the same rivers, it will be possible to make | quite close 
skeptical "estimates of the . area factor for ordinary cases. inde 
rived at a The most important feature of a flood is usually the peak flow, but the 
although ‘published x records 2 are generally in the form of the average flow for the day, 
deriving peak flows « only when For this reason, in com- 
rectness u to work 


long the 

limit of 


A great of further 
be s satisfactorily established. Mr. Fuller has expression a 


fails to ‘the relation | between average daily and peak flow, but this expression 
Joes not _ is one of the greatest objections to the Fuller formula. - With great care he a 
there 1s 1 “finds the probability of average daily flows for all parts of the United States, = 
form to obtain the result nearly always desired—the peak flow—he ‘multiplies 

this by” a factor based on only” thirty-three observations, 1 many of which 
differ 100% from the values computed from the formula adopted. Data on 
npiric 


the ratio of peak to average daily flow are scarce, and | probably Mr. nally 


used all that were 2 available. 


‘His assumption | that this is. only” a function of the drainage area 
: leaves out an important consideration and probably, accounts for much of the 


fe ‘Variation between his formula and the actual results. is For instance, the Hud- 


‘si iple 
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[ Papers, 


son River, at Mechanicsville, N.Y, a and the Oswego River, at Battle Island, 
UN. + * have nearly the same e drainage 2 area, but a glance at their hy drographs 


rivers differ widely. the region e east of the 9th Meridian, the 
4 writer believes expression combining the drainage area. ‘and the 
Q,, which is really an | index of the variability of the flow, | would 


ne As an example of the error resulting in some cases from the Fuller formula | 
might be cited the Arkansas River at Pueblo, Colo., with a drainage area of 
4 600 sq. miles. s. The av average ratio for -twenty- two peaks v was 2.5 2.5, which a agrees 
well with that cited by the author for the great flood of 1921, while the ratio 
of the Fuller formula for a ing this | area would be (1.159. one 


case the discharge rose t to 12 500 see- -ft. , dropped to 2 100 ‘ft., , and ‘Tose 
to 10 800 Sec- -ft. in a single day. All these» floods we! e due to -cloudbursts 


ona. small part of the drainage area, while there may have been ‘no evidence 


If great many records w ere available, by plotting a curve like that on 


- Fig. 13, using peak- flow data only, and another using the averages for the 
24-hour data only, some clue could be ‘obtained regarding the ratio, but much 


more data like those shown on Fig. 12 for the Deerfield River, giving ‘both 
the peak flow and the average daily flow for 7a long period of record, will be 


necessary before a satisfactory result will be obtained. 


a Although the application of the rational type of Sheil? is not as easy a 
“matter as that of the type suggested by the author, it is really a rather 


simple 1 wrocess. In general, there are three conditions under which p redic- 

tions: of future floods are desired. The point be (1) on a stream 

a station having a long discharge record; (2) on a stream near station 


Reding a -short- period record ; or, (3) on a stream remote ‘from a dise harge 


station or havi ing ‘not measuring. station. 


as he most accurate predictions can be made from the conditions in Class: 


(), but even here the general formula i is of ‘material assistance. For ‘example, 


an attempt was” ‘made to develop a a flood probability curve for the Miami 
i River, at ‘Dayton, from a long- period record there. It was Gouna that the 


data: on the larger floods were so limited that formulas giving widely differ 


ent probabilities | for arge floods fitted the data equally well. means ns of 
general — a much more accurate flood probability been 


= ~The d records is rapidly increasing and w will to 


increase. This is not only beneficial to a determination of an accurate 


4 
$ formula, but also to the application of it. At present, some form of ‘discharge 


d 
records exist at one more points: ‘most of the large and medium 1 sized 


 stres be ‘4 


“possible for them when a “thorough study been ‘made ‘to deter rune the 
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> + ability for the point in question can be determined by examination and com- 
Economics of Hydro-Electric Development,” by Daniel W. Mead, M. Am. 
¥ C. E., Proceedings, Am. Soc. C. E., April, 1924, p. 426 (Fig. 3). 
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, > Island, parison of the probabilities as determ 


ographs* can best be drawing the probability curves as was s done for Tie 


for these 

ian, the sting “the points, an ‘approximate may be used without recvarse - 
and the to plotting. ~ In this approximate method, the floods are — in order of oe: 
v, would with the largest, and numbered. The ¢ one having 


1e ratio gives the of floods of other and intervals, 

one 

nd rose 


adbursts of the » Merrimack Lawzence, Mass., into periods of various 
evidence ‘and comparing the ‘ “one- year floods” determined from these periods with that 


1s letermined from the 2-year period. ' The result, as shown in Fig. 14, is” 
that on highly” satisfactory. For example, from B-year periods, more | than 3% 


for the the determinations were within 20% of the proper value, and with: 


it much 


ng both vith 0-year periods about 98% were 10 per 
3 easy a 


rather 
predie- 
near 
station 


scharge 


xample, 
Miami 
hat the 
differ 

eans of 


ve been 


One Year Flood’’ Determined from Peri 


indicated to that from 72-Year Period 


3L ACCURY URACY OF 


7 APPROXIMATE METHOD 
scharge YEAR |FLOOD” 
charg = 
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m inves tagation of the 
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ig. prepared show how closely» the probability curves, 
determined from different parts of the record, agreed with. each other. For 
‘this. purpose, the 72-year ' record of of the Merrimack was divided into two. 


36-year periods and four. ‘18-year periods and the curves for all the periods 


plotted together. The result shows a very sa satisfactory agreement. 


| FLOOD PROBABILITY CURVES 

DIFFERENT PARTS OF THE 
MERRIMACK RIVER RECORDS 


Year 


Interval in Years 


has no flow records or only records at remote points, is the case most fre- 


quently met by bridge and highway engineers. As there are comparatively few 


-Tecords for | small Streams, “most of them come in this” class. In this field, 


formulas of the type adopted by the author have ‘their greatest usefulness. — 


Nevertheless, the writer believes ‘that, , with the exercise of care and a 
d 


sonable amount of judgment, hating results can be obtained by the metho 


the me 
outlined by him than from formulas of the other r type. | ie 


determine probabilities } cases | this class, it it is” necessary 


for ‘which records ‘are available. pcg « are 

reliable as those for which | records at closer points are available, as ie 

he 


with apparently the same_ water-shed conditions give different results. The 
Mad and Stillwater ‘Rivers, tributaries of the Miami River in Ohio, have 


basins which i in outward appearances are as nearly similar as cou ld be founc 


& he Stillw ater River gives considerably higher flood flows than the Mad —. 
the opinions held by local residents. 
Summarizing the -_writer’s ideas on flood it is bel lief 
a satisfactory flood formula must take into: consideration both the basin 
characteristics and the time factor, and that, although considerab le progress 
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= S ON FLOOD FLOW CHARACTE 
urves, 2g already has been m: 


her. For improvements are still as these require time 1 expense 
into” two ff beyond the resources of a single man, this’ study should be carried on by the | 


e “periods Special Committee on Flood-Protection Data. ea he writer heartily agrees with» 
the author as to the need for this type of study and | believes that the the Society 


should provide the Committee with the necessary funds to make an adequate a 


H. Marrues,* M. Am. Soc. C. -This noteworthy paper clearly 


represents the fruits of considerable labor on the © part of the author in com- 
piling data for use in proportioning waterway ‘areas for bridges and culverts. 


The treatment of the subject appears to be > principally from that angle, which 


accounts for the fact that the author is concerned ‘mainly with maximum es 
discharge rates, as chown in Table@t 
pa Of practical interest is the following specification of the U. S. Bureau a 


a “The waterway shall be adequate for the passage of ordinary flood water 
..4 Dall and be adequate for the passage of extreme flood water unless other | 
are made for same. ordinary food. water meant the stage 


— 
that is likely to occur once in ten years.” 


«This appears to bea sensible basis for designing such ceiniiiieae and should — 


‘operate to provide bridges and ‘eulverts adapted to local conditions. Thus, in 
a region like Colorado where cloudbursts are: common, the 10- year criterion 


would provide. structures capable of passing extreme flood flows except 1 where | 
they could be by- passed, while in a State like Maine where cloudbursts are of 


sare occurrence, 1 much smaller waterways will suffice. It would be ‘interesting 
to kr Ae 


i which now what considerations led to the adoption by. the Bureau of the 10-year 


a a ted as the criterion for ‘ordinary flood flow, as this might be of value also 


in ‘the desi i 
fer sign of other str uctures built to resist flood waters. 


his any ' Mr. Jarvis could have made Table 2 of more direct, value if i in Column (5) 


ii. a had given figures representing the “ordinary flood water” as here defined. mi> 
a re Two aspects relating to studies have suggested themselves to the 


speaker in reading ‘this paper: ‘First, the imperative need for better means 
of interpreting the enormous ‘dissimilarity in the flood characteristics of 


streams; and , second, the desirability of establishing uniform methods of. 


I iling flood data for publication. 


As regards the first, Plate beam which | is the most t complete tabulation 


= = 


te ter-sheds 


streams 
ts. The | 
io, have 


y engineer, not a special = 
" found. “ist i in flood data, who i is called upon to decide vy what rate of flood run-off to” as- 
d es: - sume in the design of a a structure ona given s stream. . Whether | he uses a formula 


llagram, he must exercise a certain ‘amount of judgment i in order that 


t 
rates of discharge selected shall be commensurate with the character of 


basin m. Soc. C. E., 1924, Paper rs and Discussions, pp. 1563- 1579. 
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the ‘stream and the requirements of the particular problem in hand. - ati 
devices ‘that possible the ‘efficient exercise of ‘such judgment is what 


the E ngineering Profession has been seeking for a long | time, , and this want 
is, even to-day, far from being filled. | The speaker’s experience indicates that 
formulas can be used with safety only by experts who are familiar with the 


= data from which they have been derived. ba “This would s seem especially 


true of the ‘modified Myers formula in 1 which the coefficient | ranges all the way 


from. 100° to 10000. This formula fits the data in Plate VIII admirably, 
“4 but it is not clear how a a set of coefficients might be prepared for practical use, 
d author has undertaken a if 80, it would add mate: 


when judgment must exerc because se they ‘enable the onpe pert al 

the non- expert alike to visualize many ‘things which a ‘formula will not dis 


« close. For example, a a glance w ill tell what part of a a curve is supported by 


actual observations, and what part has been produced beyond the limits of 
such data, a. Again, i in dealing with a drainage area for which few or no recorded 


“4 data | are available, the use of a diagram i is superior to that of a formula be cause 


it ‘permits: of more intelligent exercise of judgment. Furthermore, ‘diagrams 


the right kind may be kept up to date by entering on them: new data as 


f they become e available; this cannot he done conveniently i in the case of formulas. 
aa The advantages of the diagra ammatic method. are well illustrated by refer- 


ence to curves showing the probable frequency of flood discharges of various 


- magnitudes for 173 California streams.* A sep yarate curve is drawn for each 


gauging station, or or ‘Section of river, _ showing the observed. data on whic h it 


‘is based, the entire range of floods that may be ¢ expected, and the probable 

frequencies of floods of any — magnitude. F¢ or streams on which few 0 or 


“no observations have been made « curves: are prepared based on other compa- 


rable drainage areas for which “observed data are available. | With such di dia- 
rams it is - practicable to solve. problems relating to the maximum discharge 
that is likely ‘to oceur at a given point in a stated period of ‘years, and direct 


AG 
_ compa irison may be effected between different streams or points: on the same 


stream, while new data may be | readily added from time to time or the curves 


“altered: in ‘the light of later information. S Such diagrams make av vailable 
basic information the substance of open to inspection, and the derivar 


— tion of each curve is rea 
pactness of the ‘material thus of scale ot ‘the 


diagrams, which permits of showing ; with reasonable | clearness four diagrams 


In giv ing consideration | to the u: use of formulas and diagrams for pub ptish- 


ing flood data the Society’s Special Committee on Flood- Protection Data 
has expressed. unanimous preference for diagrams of the type 


in the California mentioned. 
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-MATTHES ON FLOOD FLOW CHARACTERISTICS 

‘The author has) well said that at “there e: exists an endless variety of conditions 
nt is what that affect flood r run- off”. Many of these conditions have been made the subject: 

l this want of study, but in the case of large streams tw o factors | do not appear to have 
licates that gained t the recognition that is due ‘them, one being the effect of the geographic: = 


ir with the arrangement t of the tributaries on the building up of the flood wave in the — 


- especially parent stream, and the other the general direction of flow with 1 respect to 
all the way - the movement of great ‘storms, | With regard to the first factor, high peak 


-discharg in large rivers are usually traceable to synchronism in the arrival 
« flood waves fro certain major tributaries. ( Other streams, exposed. to 


- storms in all respects similar, may lack this synchronism because | of the dif- 


admirably, 
actic val use, 


a in a - work: ferent configuration of their basins, and their flood crests will be less in he ight 

“but the duration of flood flow will be correspondingly prolonged. 

ee An interesting illustration | of the importance of these factors is afforded © 
Table. 9, showing ‘the eres atest flood discharge in a century or more from: 


each of three drainage areas of nea equal extent. ~The 3 river stage records, 


ll not di 
. in each case, are of appr oximately the ; same length, and the relations between 


_" “i Yi stage and discharge ve have been so well established as to be subject ‘only to 
4 limits 0 


la because ‘TABL E 9.—Fioop Data | ror Tourer CoMPARABLE AMERICAN’ Rivers. 
w data as Maximum Rate or | 
| 7 Localit area, in 

miles. Second- feet per 


mile. 


which it susquehanna..|Harrisburg, Pa........ 100 June 2, 1889.. 700000 | 20.1 520 
probable j Wheeling, W. Va......| 23 800 Feb. 7, 1884.. 000 | i 20.8 210 
will noted that the Susquehanna River at Harrisburg discharges per. 


discharge ‘square mile of. drainage area, 58%: and the Ohio River at Wheeling, 13%, 


nd direct than the Tennessee River at ‘Chattanooga, although the latter 
ict a basin noted for its heav y storms and having a mean annual discharge 


than those of the others, All three streams are situated i in the Eastern 
1€ Curves 


such dia- 


av ailable United States, two of them. , the Susquehanna and Ohio, having their head- 
£ partly adjacent to each other; all of. them drain country in 
comparable, with mountains at the head- waters partly ‘covered with 

1e com- 


timber stands; ‘and the climatic _ conditions do not differ materially 


he 
le of th th except t that the Tennessee River Basin Jacks the cold winter seasons. Ordi- 


-narily, there would be reason to look for a fair degree of similarity i in the 


flood behavior of these three : streams, _ Radical differences exist, however, in oo 


As 


-publish- the geography of ‘their drainage In the case of the Susquehanna = 
_— Data _ River, two large tributaries, the J uniata and the West Branch, are responsible — - 
for the ‘gréat floods in the main stream. Their basins adjoin and are ‘usually 
covered by the same storms; their courses are from west to. east in the same 


movement of storms, and their flood waves crest 
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MATTHES ON ‘FLOOD 


the Ohio River, the conditions 1s are nearly there 
_ marked synchronism in the arrival o: f the main flood crests of the Allegheny 


and Monongahela Rivers at Pittsburgh, Pa., 01 owing to the peculiar geograph- 
jeal arrangement of their basins and tributaries. In consequence, the maxi- 


mum flood rates at Pittsburgh and Wheeling are not very high from the stand- 
point of flood run-off. The flood crests in the Ohio are caused mainly 


on 


s ne +hronism i in the flood waves of the Kiskiminetas and Youghiogheny Riv ers, 


the water- ‘sheds of which : are contiguous and often subject to the same storms. 
30th streams drain from east to. west, contrary to the storm movement, and, 


before their waters can join, one of them must first empty into t] the 


ail the Other into the Monongahela. ‘With a an arrangement a this sort 


maximum flood rates such as occur on the Susquehanna River are physically 


is: As for the Tennessee, this ‘river and all | its main upper tributaries flow 


in directions opposite to that of storm travel. In addition, there is little 
. synchronism in the discharge of the larger ainie, Thus, the flood crest 


of the Hiwassee River p passes out first, and that of the French Broad River 


‘ Obviously, in the case of large streams the synchronism, or the lack of | it, 
an important factor. On smaller streams, the time of collection and con: 
centration of storm run-off is usually : so brief that | the geographic arrange- 


- ment of the tributaries cannot sensibly affect the net result. - Thus, in a small 
basin like that of the Miami | River (4000 sq. miles), the maximum r rates 3 of 


flood discharge caused by the three- day flood of March, 1913, would have been 


no different if the tributaries, instead of converging | in the existing cro crow-foot : 
rrange ement, could have been made to” empty into me Miami ‘many miles” 


To what extent the coefficient of a formula | can be mad e to take account 


. such) divergent geographic conditions is not at all ‘clear. Tt will be se seen 
a rom Table 9 that the coefficient . in the modified Myers formula is 4500 oll 
‘Susquehanna, 38 200 for the Ohio, and 2 700 for the ‘Tennessee. In ‘the 


Thirsty tt? is 


last analysis the coefficient i in a flood formula is nothing more than ac classi- | 


fication index intended ‘to make possible a comparison between things not 
comparable. In contrast, the California diagrams: treat each stream 
a law unto itself and ‘comparisons are avoided. This, to the 


to be ‘the rational, method of dealing with flood phenomena. 


‘The speaker feels that this is an opportune time for emphasizing the desira- 
a bility of establishing uniform methods of compiling flood data. ‘it 
date, ‘only a comparatively ‘emall portion is. in form for use. Much 
of it has appeared i in printed form, and some of it remains inaccessible to the 


profession at large, lying as it does in ‘Private: files, No uni uniform of 
collating any of it appears to have been advo 
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channel d demand of ‘the Engineering Profession to- day is for more intensive 


vette vil) and extensive compilations than have been made heretofore—more atin, 1 é 
a in , the sense that data should receive closer scrutiny and be made to include 


yeing no 

llegheny something more than mere dates. and maximum flood rates; more extensive, 

eograph- in the sense that more streams should be studied ar and | existing records be _ 

he ‘maxi extended back to include information pertaining to early flo ods. = Reviewing | 


vo the long lists of flood data that have been published from time to time by 


1e stand- 
ainly by the Society one is impressed with the wealth of information « of this k kind that 
y Rivers, fg ™2Y well serve as a foundation on which to build = ‘The s same may be said 


ranseg of the stream flow records of the U. S. Geological Survey. _ Its s early publi- 


an d, cations ¢ give little information regarding floods, but the later ones are 
Jegheny complete in that respect. Good work i is being done also by State bureaus, and ; 
this sort i and there much 1 valuable material i | is available i in private offices, i 
data, to be of maximum se: serviceable 5 value, must be in such form | 
. s to lend themselves to any of the ‘many ‘uses that engineers wish to 
make of them. Engineers having dams to build spillways to are 


‘is ‘Tittle interested not only i in maximum rates, ‘but i in the dur: ation of floods and the 


total volumes of “water discharged day by day. same considerations 


re | affect the proportioning of reservoirs for storing flood waters and of detention 
— asins. “ On the ot other hand id, to the designers of bridges, culverts, flood chan- 1 
ck of it nels, and levees, maximum rates are of chief interest and knowledge of flood 
duration or volumes of discharge is not essential. In all these operation: 


— oe lowever, one factor stands out in importance above all | others, controlling 
as it does the major aspects of ar any design, « and that is, , the probability of the | 7 


1 a small Tecurrence of floods of various ‘magnitudes. may ay well be called the 
rates of nomic factor i in any | flood problem. 
ave been a For som some time the Special Committee on Flood- Protection Data has been 
-srow-foot at work ‘devising a simple but comprehensive ‘system to m meet these var various 7 


ny miles Tequirements. This has been referred to in the discussion* by N. C. Grover, i _ 
Am. Soe. ©. E., Chairman of that Committee. Attention is here invited 


: account a some of the features introduced, in the be lief that: they go far toward 
| be seen solving the problem o: of f a uniform system for compiling Send data. To facili- | 7 
4 500 for tate matters and insure e uniformity, special blank forms on sheets, 83 by 11 in, a 
Ib the have been printed by the Society, which may ‘be had on The 
a classi headings for these forms are shown on Fig. 16. The complete forms have 
ings not BE space for 80 records .in Form No. 1; ; 100 ) additional records in Form No. 25, 
h stream 26 records (a to z) in Form No. 3, Table 2; 11 records in Form No. 3, Table 3 35 
and 100 records in Form No. fo. 4. Each ach form has. has space for the 7 

1e 1 Nos. 1 and 2 show in chronological all that have occurred 
It is an ona ‘stream during the period covered by continuous records. By “all floods”! 7 
— is | Meant ¢ every rise of which there is record down to : and including the “a 

| annual flood. latter, commonly. referred to as the 
et to ae cc » Serves as a starting point in the scale of floods, and its adoption places 
ystem ood records of widely differing streams on a comparative basis. 
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Drainage Area. 
Source of Data... 
‘alli: of Data. Total Length of Period of Daily Records .. 
(for period of daily a From 


FLOODS DURING PERIOD OF DAILY RECORDS af 
all flows equalling or exceeding the ‘one-year flood"’ arranged chronologically 


Date. Heigint | P=Peak rate ‘Ref. weight | P=Peak rate 
f A= Aver. rate (24 brd.), A= Aver. rate (24 hrs.). 


43_| 


Taste 2. == FLOODS NOT INCLUDED IN PERIOD OF DAILY RECORDS 


Ga MAXIMUM DISCHARGE 

Ref. Grad- Source of Information 


(feet) 


TABLE 3 CHARACTERISTICS OF CERTAIN HIGH FLOODS iP 


(in order of magnitude as far as practicable) a 
of Discharge DURING FLoop 


(e.f.s.) for 
Maximuin Day 


: 


ra. * Same as in Table 1 or Table 2,--i.e., use the same number or letter fora pantionias coat as in preceding tabulations. = 


Flood Protection Data. _ 


= STREAM 
Location 


Draina 


— 


: Hour. a. pischarse 


16. ForRMS FOR COMPILING FLoop DaTA. 
¢ 


— 


1188 MATTHES ON FLOOD FLOW CHARACTERISTICS (Papers, Pa 
Phe greatest flood is known to be the maximum in at 
| vi 
i 


Papers.) 


‘KURTZ ON FLOOD FLOW OW CHARACTERISTICS =— 


pains are ‘taken t to ‘indicate by means of a neta whether the Sivaves' refer 7 


to peak flow or a average 24-hour conditions (Form No. 1, Table 4, Column 1 1) 
(Fig. 16) . For convenience of reference the three greatest known floods = 
_ entered at the top of Form No. 1 (Fig. 16), irrespective e of whether or not they | 
occurred within the e period covered by daily | observations. ‘The data so listed 


are fundamental for many studies. © In order that its degree of reliability | 
may be quickly judged, each record i is graded with a number, the scale of which 


runs from 5 for data of the best character to 0 for information of. pwc 


_ Form No. 8, Table 2 2 (Fig. 16) is _ designed for listing | floods not incladed 


i 


n . the periods covered by daily records, _ but concerning which definite facts 


are known. _ It is not amiss to state here that early flood data of considerable _ 
value have been obtained from a variety of sources, and have proved of much - 


value i in determining the frequencies ¢ of recurrence of great floods. On Form 
No. 3, Table 3 (Fig. 16) may be tabulated in greater detail several of the meeord 3 


Finally, on Form No. 4, Table 4 (Fig. 16), may be entered data for platting 


flood hydrographs, consisting of both gauge heights and discharges. Te 


form was adopted by the Committee i in preference to graphic representations, : 
because 1 no one form of hydrograph could be devised that would : answer the 


different requirements engineers, and it was 
Plotting to individual tastes. f 


indefinite addition and expansion as future data are obtained. 


These forms and the data to be entered o on them represent the first step in . 


the program of the Committee, the next step being the condensation of them 
into or other form for general use and reference. To 


Trey 


139 streams” have’ been ‘compiled on the forms, thanks the co-operation 


received from various “sources, Engineers possessing flood data will confer 


favor on the Society and on the profession as a whole if they will co- operate 


- the Special Committee on Flood- Protection Data in this important work, y 


Bon Kurtz, * M. Am. Soc.-C. E —Flood problems can can be divided into two 
major groups, namely, those requiring for their solution knowledge of flood — 
heights under - existing physical conditions and those requiring the estimation 
or prediction of flood heights under other than existing conditions. solu-_ 
“tion of all problems coming under the classification on the 


well as the height of flood discharge. sivib 
belong to the first group, since, in general, only slight channel encroachments — i 
are involved. Information 2 as to the maximum stage of streams is often ae = 


obtainable data on the rate of discharge are completely lacking, s so that 


, “highway. and railroad engineers can usually secure the records they need, 
| whereas the designer confronted with problems in the second group finds in 


a many cases only very meager data to aid i in their solution. _ Thus it — 


; that j : irrigation, public. w water supply, and hydro-electric engineers, who nearly p 


4 ays deal with — problems of the second group, are much more deeply — 
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ai in the study | of stream flow characteristics than either 1 the highwa or 
the railroad engineer. However, the final ‘difference in the | ‘difficulties: 
countered by the two groups of engineers in their flood-control problems is 
not quite | so great as indicated, _ by reason of the fact that highways and rail- 
= involve many streams in a single ‘project often p pass through re regions 
irrigation, public water supply, and hydro-electric developments could 
4 not be financed, since bankers: are loath to sponsor projects of 
supply is the basic factor unless stream flow records are available for a period 
years, or the discharge can safely be estimated from records on adjacent. 
‘streams. Thu some 2 observations ¢ of flood discharge as W ell as of flood 
are usually available for solving problems of the second ; group. 
"hi This paper presents | in both tabular and graphic form a g great amount of 
- data on maximum recorded flood discharges and in a general way interprets. 
them and indicates their application to ‘specific problems. — The latter feature | 


% the chief measure of the value of the paper, since it determines the pr: ractical 


Plate VIII,* which summarizes the data _ graphically, | shows such great 


‘floods, where dates are needed for purposes of design 


variations in the maximum m recorded flood discharges for or a given area 0 of drain- - 


age basin as to crea 
data geographically and in of observation) to 


‘magnitudes, which is often’ important factor in 
Geographical diversity, as_ representative of different hydrological ‘condi- 
tions, can be taken care of by preparing more diag? rams from a a given number 


: of observations, b but the correction for difference in length of period of obser-_ 
vation, which is at east equally important, is not so simple. For | this : latter a 


“purpose, the speaker proposes the analysis of flood flows by the probability 
. He considers the practical application o of the mathematical theory 


‘probabilities to ‘the problem of frequency and magnitude of floods the 


single contribution of the last twenty: five years to the science 


ood records having different lengths and made different periods of 
f various sizes of 


oe If the records presented by the author were first praleew into at at least” 

as many geographical divisions as are listed on Plate VIII and if certain 

representative streams of each division, beginning with those having the 

7 longest records, were then studied intensively by the probability method, th the 

is plotting of the resulting values for the probable —— or 1 000-year flood 


out in a consistent manner the irregularities of records on the stream. Thus 
it may happen that the maximum flood observed i in a 10- -year period 1 may act 


_ ally be one which occurs only once” in every 100 years: average. 
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aut rather that it will appear quite plainly as a 100-year flood which oe 


to oceur in the 10-year period of ¢ observation. yh No other method will bring out _—_ 


‘these features” so clearly. ‘The sp speaker, therefore, believes that intensive and 
careful study of a fewer number « of streams in the manner just described = - 


would be much more valuable | than the compilation of a mass of data o1 on 


‘maximum recorded flood flows so great as to preclude detailed study of ane, 
‘There still remains for evaluation the important factor of shape of drain- 


age basin , which causes wide variation | in the rate of flood flow from basins have a 
‘ing the same area and subject. to ‘the s same hydrological conditions. This isa 


‘matter: of individual examination for each stream. Obviously, the effect of 


this: factor can be studied much better if geographical diversity and difference 
in period of observation have already been eliminated in the » manner sug- 
- The speaker by no means wishes to disparage the use of general curves : 


mer on the records of a number of streams, but he does feel that such curves — 
- must be used with great care. In general, if as many as ten ‘years of flow : | 


flows of the stream itself i is often more valuable in predicting flood frequencies f 


than curves based on longer records” of adjacent streams. Some engineers 


en feel that a 10- Lig period of observations is too brief to serve as a a MH 


of probability s studies. : However, examination of the hydrograph of any stream 
_ will show a great many peaks projecting above the general level, rather than one ’ 


In the speaker's opinion these should all be classified and studied 


Prete for any stream are available, intensive study of the higher recorded _ _ 


floods, the problem. being to fix the ¢ ‘basic stage” for a flood, that is, the line — 
between those flows governed by a a few well-defined factors and gov- 


emed by. the laws of probability and chance. Tf this opinion is ¢ correct, ten 


a years of records may yield, not ten, but ; twenty, thirty, or even forty, ‘values 
probability rmination. These values will give a very idea of 


the tyend of floods—not the true trend, to be sure, but an indication ‘of 


that - represents a great advance over r the results of any other ‘method thus all 
"presented for the study of flood problems. 


_— order to fix this dividing line, or “basic stage”, for floods on any given 
- Stream, it is only necessary to select various values, assume every peak above x 


that value, to be a flood, and from the points thus obtained derive a probability. 
curve. That value of basic stage the points of which lie nearest to a straight - 


As already mentioned, many design problems a solution based o 


; the frequency « of floods of different / magnitudes, because it is not always neces- > 


_ sary or even desirable to design structures in such a manner that there will 


q be no damage caused by a large, infrequent flood. _ One of the great advan- 

tages: of the probability method is that, more ‘than any other, it presents an 
Mute definite idea of frequencies as a guide in the two major Paidiiedes of flood- 
Bad design , that is, the economic and the social. The economic feature 


embodied in the question, , “Will it pay from the standpoint of probable 
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the of human life and the ey studies point the “way to 

the determination of the flood having such a small percentage of probability. 

*% of occurrence that there is ‘practical ass assurance it will never happen. sbi — | 


The speaker, therefore, wishes to urge the general : adoption of the proba- 
“bility y method as the best presented thus far for the study of compiled flood 
data, , such as those submitted by the author, and for the study of the individual 

flood problems confronting all | hydraulic engineers, 


alae CHARLES W. Comstocx,* M. Am. Soo. C Ye E.— The e author has rendered a 

_ valuable service in collecting and arranging the records of about 1000 ) flood 


esl from drainage areas of all sizes in different parts of the world. — a wel 
‘The speaker believes, however, that it isa mistake to relate the ‘Tate of 3 run- 


off to the area of the drainage basin. ‘This i is, , to use a -erude analogy, as if f one 


; sought an empirical formula for steens in a beam i in terms of the length 2 as s the 


support to be covered by an to be; guessed at 


The sisi enumerates a considerable list of variables, both meteorological a 


— ‘ma topographic, which influence flood discharges, and then selects one (prob- 
not the most important), “as the logical basis for a general formula” 
; _ ignoring the others except as they may be included i in ‘a coefficient the values of 

_ which range from 100 to 10000. _ Such procedure is certainly not scientific, 


‘nor is it likely to throw any light ‘into the dark corners of this complicated 


ag It t may well be doubted Ww shether a formula is worth while i in view of the 


large number of variables, most of which it is impracticable, if not impossible, 
to evaluate for any ‘given drainage ‘area. Careful study of Table will give 


quite as much information and a far better “understanding than can be had 


| any formula attempts to summarize the data. Moreover, 
very existence of a formula i is likely to lull engineers into a comfortable, but 


te 
unjustified, belief i in the precision of results, instead of stimulating that Japa 
skepticism: and critical examination of step which so often keep ‘them 


from serious blund rs. 
As already noted, the cull iis that the area of the drainage. basin 


is probably not important factor in determining flood run- -off. The 


i. author states that he considers it the “Togical” variable to which run- -off may 


be related. May he ‘not have been drawn to it, perhaps subconsciously, | because 
it is the only factor 4 which ¢ can ordinarily be ascertained :. 


area covered | by a violent storm is relatively small. _A limited drain 


age basin may ‘get the full effect of such | a storm over its ‘entire area at ia 


6 


_ ti ime. A large basin ‘may be crossed by the storm over a short line or a long 


Tine. In the latter case the total precipitation on the basin may be large, but 
‘it does not fall on all parts simultaneously. If the path of the storm is down : 


a? t Proceedings, Am. Soc. C. E., December, 1924, , Papers and Discussions, pp. 1563-1 1579 


* Engr., Dwight P. Robinson & Co., Inc., New York, 
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“stream the cumulative effect may build up an enormous flood a a moderate 


rate of 7 precipitation. if the path is up ‘stream a violent storm may produce 


volves 


way to only y ordinary high water. | Again, : a persistent and prolonged rain covering the 
ability entire basin at one time m: may cause a greater f flood than either of the — 
en : ‘mentioned, although t the total volume of water falling may be no greater. In 
a : these three assumed « cases, all of which are not only possible but of frequent 
d hie occurrence, the area and all other features of the water-shed are identical, and 
_— ual the total precipitation in a given time may be the same, yet the discharges 
lered a Ane element of great importance (perhaps ie ‘Wil the area itself) is the | 
0 flood of the underlying rocks. The author mentions this only casually. 
L 7 This point was first emphasized-by Belgrand i in his st tudies on the basin of the a 
of run- Seine. He pointed out ‘that 15% of this basin is underlain by permeable 
;if one rocks, the annual discharge of the river being only 28% of the precipitation ; 
as the for the Garonne, of which about one-half the basin | is ‘impermeable, the run- — 7 
method off i is (52%; ; and for the Po, the basin of which i is almost wholly impermeable, ' 
- subse- the run-off is 64 per cent. These basins are of nearly equal size, that of the 
ale Seine being 30 000 sq. miles; that of the Garonne, 33 000; and that of the Po, 
» (prob- A peculiar feature of the Po floods i is that the | discharge i is nearly the same rn 
ane ] ; “at all points along the lower 150 miles of the river. git This « seems to be due in " 
ilues of §@ part to the lack of ‘synchronism of flood discharges on | the m numerous tributaries, > 
ientific, cand i in part to the enormous storage capacity of the endiked channel. ley 
plicated | ze The upper part | of the Arkansas River in Colorado lies between the Conti- _ 
a ae nental Divide on the west and the Mosquito Range to the east. At the time 
of the of the spring run-off and consequent flood stage of the Arkansas, almost the 
yossible, “aire supply comes from the tributaries which drain the granite massif of the 
rill give Tain Tange, while the limestones, | sandstones , and other permeable rocks “a 
be had ‘the Mosquito Range contribute only a a trifle trifle to ‘the gulches which feed the river 
ble, but Tt seems : impossible that the various elements here mentioned, as. neil: as 
healthy a others, should receive suitable quantitative designation and be incor- _— 
them ‘Porated in -any formula for general use. engineer will necessarily b bedriven 
te tack on his judgment of the significance and importance of each factor cate 
ye basin - given case, and he might better apply that judgment directly to the tabulated 
off may easy to be critical. As Byron said: : 
d drain «dt is another and far more d difficult thing to contribute a new fact or a new i. 
a at il “minciple._ It is important, however, that in the desire to render knowledge _ 
ra by classifying and formulating it engineers ‘should not jump 
isdown ff As the author points out, the gauge height at flood stage is more important. 
than the volume of discharge. qt matters little whether the quantity of — 
is large or small, as jong as the surface does not rise high to 
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7 than ‘formerly as it i is that there i is more to destroy. . For. instance, the Seine 


q 


interest in all matters pertaining» to floods ever since. problem is 


q 


occur in succession in the order named. Thus, flood waves of equal 
maximum discharge may have quite different gauge hei on the 


‘There is a tendency to think that floods become increasingly destructive 
as time goes on. T: ‘his i ‘is not so much because floods are greater in volume now 


flood of 1910 had a maximum gauge 0.39 m. less than that of 1658, but did — 


_ ‘The author’s warning against the misuse of calculated flood ions: is 


yorthy of careful attention, especially i in view of the prevalent, and in ‘the 


peaker’ 's opinion i improper, tendency to base probability calculations on small 
int ake: 


In 1873, Belgrand published his monograph on “The Seine”, one of the 


most elaborate and exhaustive treatises ever devoted te to the study of a ‘single 


4 


river. In discussin the flood of 1658, he wrote: — al 


a “The meteorological phenomena which produced the flood of 1658 have 
a d ‘manifested themselves again in our day. They have been renewed three times 
7 between 1732 and 1872 (140 years) in the floods of 1784, 1836, and 1866, or 


: once every 47 years, and they were separated by intervals averaging 35 years. 

_ But, in order that there should result a flood similar to that of 1658, it is neces- 
sary that they should occur not more than five or six days apart. The proba- ; 
bility of such an approximation is very small, and, by calculations which I > 

x think it useless to reproduce here, I have demonstrated that the recurrence of 
the flood of 1658, under the same conditions, 7. e., by floods in only two of the 4 


'Thirty-seven yea years later, in 1910, it happened. 


A probability, however logically. derived, is not a forecast. iti is certain 
- that what has occurred may recur, and even worse conditions may present — 

_ themselves. There comes a point beyond which it is not financially pr ractieable 


to go in providing protection against possible but improbable floods. At this: : 


point all good gamblers, must be willing to his money 


 'THappEvs Merrimay,* M M. Am. Soc. C. E- —The ‘speaker has been interested 
in floods: for many years. He was fortunate in getting on to the ground 


in the Ohio Valley very shortly after the. flood of 1918 and has kept up a lively 


that will always be with us because every time a new flood occurs it becomes 
necessary to revise a large part of our ‘s0- -called fundamental data. 


The speaker is heartily “in accord with ‘the point of view presented by 


‘Mr. Comstock. + This matter of floods is not one which can be fairly treated = 


by any method of probabilities. “Maximum flood discharges are related to the 
duration: of | ‘the storm and its intensity, to the direction of its path, to the - 
_ characteristics of the topography and of the geology of the water- -shed, far 


more than to any ‘simple function of the area of the drainage basin. scoala 


* Ghf. Engr., Board of Water Supply, City of New York, 
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does not to "the drifts of woo 
similar perishable substances, but t to the sand and gravel ses which lie above 


stream bed. They : are be found in every river valley and are better 
| indices of past flood heights than any so-called records as to observed mexima, 


No analysis of possible flood heights can be considered complete, which does 


not include the records which the g great floods of the past have engraved al 


a If, on the Catskill drainage area, there had been used any method of 


-year periods: and had a probability curve been developed hee them, 1, the 


would have biden shattered beyond recognition by ‘the flood of October, = 


There a fundamental reason for the anomalous position | in w 


and many have since occurred and passed without being recorded. Most of 
are called flood records are not worthy of the name. Table as pre- 
sented i is not a record of floods ; it is merely a tabulation of observed stream 
- flows. - This is a fact which must be held clearly in mind, , else we s shall « con- 
= vain task of and a mas ss of bears 


dependable ‘records 1 prior to 1900. ‘Many floods before ‘that year 


of the inherent danger which lies in the encroachment of the channels that 


streams have used in ‘the past for the purpose of carrying» the gre eat floods ~ 


which com come » only at rare intervals. The great disasters” that have 
: "many communities in the United | States s show this danger clearly. That sim- = 


disasters will oceur at many other places can scarcely be doubted. 


& fact that for many years streams have not | exper ienced floods that have 
caused any damage is, i in ‘itself, no assurance as the The unusual 


¥ 


_onditions that produce great floods may oceur on any “stream, just as, in 
the iL they have | come on other ricer and | floods greatly in excess of the fo 


. 


1 manner. 
effect of the the drainage area on ‘the maximum Many investi- 
_ gations have been made for the purpose of determining this effect. As a result 
of these studies, a number of formulas have expressed the relation as an ex- 


‘Ponential function, in most of which the relation was found to be quite different 


eo 


ae * Proceedings, Am. Soc. c. E., December, 1924, Papers and Discussions, pp. 1563— 1579. 
Prof., Civ. Eng., Swarthmore Coll.; Cons. Engr., Swarthmore, Pa. ere 
Received by the Secretary, May 4 1925. a 
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pauge % On account of the ease with which these problems can be discussed with Oto. 
equal § = and paper there is a tendency to neglect one source of information zs a 
nthe § respecting flood heights that is worth more than all the direct observations ae a 
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ON FLOOD FLOW ‘CHARACTERISTICS 


ii Grouping all the other factors affecting - floods into a coefficient designated C 


in each case, the formulas resulting from these investigations n may be expressed, 


Metcalf and Eddy. .Q = C Roolt ist 
~The author's proposed formula i is d= = Cc M° 5, which i is quite different from the 


previous formulas and which calls for an analysis. of his data and ‘methods 


in order to ascertain his reasons. He derives his formula by plotting the 
_ maximum 5 rate of flow of many different streams, and draws a curve to envelop 
usd highest of these - maximum flows. 7 The writer believes that this method of 4 


"treating flood data has a fundamental error which leads to an erroneous con-— 
_ clusion. a his opinion the wri iter has previously expressed i in discussing other 
formulas derived in a more or less similar manner. Int the closing discussion 


: of his paper on “ “Flood Flows,* the writer made the following statement: ue 
eee other formulas, derived by plotting the maximum floods which — 


4 . occurred on streams of ‘different sizes, , give the greatest flood which has d 
‘ee on any of the large number of streams in the varied intervals covered 


__ “As there are many more small streams than large ones, it is obvious that 
there are more chances of obtaining an extraordinary flood on some one of . 


the many small streams than there are of obtaining a similar flood on one of 
This criticism was offered respecting data selected for streams which had 


‘similar characteristies so so far as slope, rainfall condi tions, and other ‘elements ¢ 
affecting floods are concerned, and was simply directed toward the gre eater 
7 probability of securing relatively great floods on the large number of small 


streams than of securing a similar result from a few large rivers. In his” 
paper, however, the author has not confined. himself ‘to a consideration 0 
_ Streams | of | a similar nature as ‘to other characteristics affecting floods, but io 
plotted o: on his. diagram ‘(Plate VIIT),t+ ‘the extraordinary floods which have 


occurred on a few of the ‘many: ‘small streams that are, in the main at Teast, — 
streams, and has compared these floods with those on the few 


~ 


In this case, therefore, the data are in two different res spects, 


and it i is no Paper! that the effect of the size of the catchment area is greatly . 


exaggerated. An examination of Plate Vir will show that the enveloping 


em is controlled at the upper end by a few points, all of which are extraor- : 


* Transactions, Am. Soc. C. H., Vol. LXXVII (1914), p. 681. 4.39 
+ Proceedings, Am. Soc. C. E., December, 1924, Papers and Discussions, p. 1555. — 
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dinary floods which have ona few streams having unusually 4 


thet these floods represent 3 ‘most occurrences | among 
of similar streams. The other end of the curve is controlled by the floods” 
which have occurred on the few large rivers i in the United States. Tt will 


be noted that ‘these rivers do not have similar characteristics so far as slope 
o other conditions are concerned. formula, therefore, | covers 
the extreme conditions for ‘small streams, but, only ordinary conditions foe 


“the large rivers, and does not properly indicate the effect of yay of drainage 


This is well illustrated by considering the two extreme points on ‘on Plate VII Vit. 


- “Palas Creek, the smallest stream plotted, has a catchment area on the side 
‘ of a steep mountain, most of which i is impervious; from it the : run ey is = 


4 
between these is by the rel 


rather than the size of the water shed, cannot be doubted. 


Being in mind that the author has plotted on Plate VIII floods which 
have occurred « on nearly all the large rivers in the ‘United § States, ‘it w would — 7 


1ethods 
ng the 


thod of | 


aS COn- be well to consider what the diagram would look like if he had followed the 
other course with s small streams. In ‘such : a case he would have had a mass 
cussion of points plotted on the left side of the diagram, representing the largest floods - a 


on the enormous number of small | streams that have never had a flood as great 
as those plotted. A eurve through ‘the center of these points: representing 


average conditions on small streams, and through the center of ‘the points — 


which 
ich has © 


ial _* for the larger rivers, would indicate the effect « of the drainage area. tH 
if - Methods of treating data similar to that used by the author are quite com- 
us that ; mon. For this reason the writer believes that it is well worth while to discuss. 
scl — matter in considerable detail in| in order to show the reason why erroneous — 
conclusions 1 may be drawn. It may y clarify the subject somewhat to 
what would have resulted if a similar method had been followed in deriving 
greater tas or instance, consider ‘the formula to which the author likens hi his own, 
is, the Chezy formula for the flow of water in conduits. Suppose that, 


in ‘deriving the Chezy formula, data had been used which represented the 
Maximum flows obtained i in any conduits, irrespective o: of their slope or surface | 
conditions, and that the formula had been based on the maximum’ ‘points: 


4 
| Bgl by plotting + these results. The result would have been a curve con- a 


In his 


but has. 
h have 


trolled at one end by the flow in in small conduits with smooth surfaces, and, 


t least, 

the other. by the flow in large rivers, for which much less slope. would 
a have been found, and for which the: surfaces would have been rough. It is 

Needless to say that the formula thus obtained would have given the relation 

ae | 4 etween the velocity and the hydraulic radius very different from that which 
obtained by comparing conduits of, similar slopes and similar surface 
conditions, Such a formula would have been misleading indeed | if. applied 
4 4 to similar conduits of different sizes, The author has used a similar method — 


ja | his formula. is essential, data of this kind for 
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purpose of | ascertaining the ‘effect. of any element, that the effect of all other 
- elements be made at least similar, otherwise the results do ai show the true 


ANU siti 


The author tabulates: the maximum floods a large ‘number streams, 


Ae ‘the information having been collected from many different sources. These data 


are useful, and Mr. Jarvis has performed a real service in . bringing them into 


; a single table (Table 2). * An _ Any one who has traced data of this type to their 


- ‘gources, must have been impressed with the likelihood of errors, as the items are 
erennry from table to table a data : are par ticularly unreliable in this 


_. In the first place, the records of these floods are of v varying degrees of accu- 


of them are undoubtedly close approximations to the actual peak 
flows of the floods i in question ; others are probably far from the actual run- “off, 
‘This ‘must be true for 1 many of the floods, particularly for those which have 


eaused great destruction. In the great majority om the discharge 
has been estimated by the use of the Kutter formula. The data for ‘deter- 
‘mining this flow have been obtained subsequently by observation of the water 
marks» of the rhb ati height attained by ‘the flood a at any time ‘during the 
flood period. al Whether or not the slope thus obtained represents the slope | ot 
‘the water flowing in the. channel cannot be ascertained with any degree of 
accuracy. where the channel has been materially changed by t the floods 
- Moreover, the v value o of the coefficient, n, in the Kutter formula at the time 

the was attained at the point under consideration, i is doubtful. 
It is impossible to say how much the flow in the channel is being retarded 
at that particular time by the mass of débris | flowing down the stream “| It is 
“impossible to know whether or not the height which the flood reached at - that 
point was caused by water flowing in a free channel or whether it was backed 
= by submerged obstructions. Little is known of the effect. on the flow of | 
great masses of soil, trees, brush, rocks, and other ‘material twhiich are being 
Mr. Wi insor, in his discussion,+ vividly | sets f tha ebndition that exists 
in some extreme cases where the > water is pract tic ally pushing the large mass 
“of matter ahead of it. Is it not true that for most destructive floods similar 
conditions, to lesser degree, occurred at some time during the flood, thus 
establishing high- -water marks which are afterward taken as ‘the slope of 
_ the water which is assumed to have been flowing freely i in the channel as left 
Ls after the flood recedes? It must not be overlooked that, in estimating the 
discharge for many of the floods, values of n in the Kutter ‘Seema as low 
0.030 have been used, and seldom, far as ‘the writer can ascertain, have 
s of more than 0.040 been taken. Ads dy share 
nol The writer is inclined to think ‘that. floods the dis- 
chi charge has been over- estimated. In tables such a as Mr. Jarvis has presented, A 
as well as in ‘many similar’ tables, there is no indication of the accuracy of - 2 


tt the data, yet from the original source of the information, it is found—in many — 


_ * Proceedings, Am. Soc. C. E., December, 1924, Papers and Discussions, pp. 1563 
Loc. cit., May, 1925, Papers and Discussions, p. 
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cases at least—that the engineer who estimated the flood hed a clear concep 

that his estimate may have been far from | the actual flow. 


an instance of this, consider the floods: on Cane Creek, in North Caro- 


‘e data ‘lina, and on Elkhorn Creek, in West Virginia, two of the largest, relative to 

m into” the drainage area, of which there : are records. ~The q uantity of water owing 
ee a . during th the peak of these floods was estimated by Mr E. W. Myers, who de- 
seribed* the difficulties of a: ascertaining the discharge during these floods, 
thie frankly stated that his estimates might have been far from the truth. 
appears from his description that in estimating the flow he used. slope 
of the channel as it existed after the flood had receded. ain 
‘ene piel illustrate the nature of these data it may be well’ to quote a little of 
peak Mr. - Myers h has said in regard to his measurements. As to Cane Creek, 
charge “Foy these reasons the writer has used all the means in his power to obtain 1 
ae oes such information and it is presented below, though with diffidence, for the 


possibility of considerable error is great, but the results are the best that can 7 
be obtained under the existing circumstances, 
Py * * | Unfortunately, no gaugings of this stream at anything approach- | 
ing flood heights has ever been made, so that a rating table giving the relation 
between height and discharge cannot be constructed in the usual manner. 
whe Failing in this, therefore, there are two approximate methods which can be 
floods. | used for obtaining this information, one based on the consideration of the 
ie time — "amount of the rainfall during the period, its distribution, the condition of 
subti ful. the earth as to saturation, etc., together with the shape of the basin, its average — 
slope and the general topography ; the second | based on the cross-section of 
etarded & channel at some point, its -eondition as to roughness and the slope for 
. ! It is some distance above and below the point where the cross-section is taken. Paes, 
at that Sat ca * * . This method is open to objection on the ground that there | is 
: «great difficulty in selecting the proper value of n, and also from the fact that — . 


backed the slope at flood stages is probably not the same as at low water, except at 
ities. | | “As stated before, in this way no estimate of the maximum flood volume 
it t exists — is possible and we are compelled to resort to estimates based on the slope and 
ge mass cross-section of the channel. Such estimates in this case present even greater 
similar difficulties than in the case of Cane Creek, since the waters of Elkhorn Creek 
od, thus _ Were much more obstructed and the cross-section at different points is — 
Sink of ‘more variable, making the coefficient of roughness greater than before, and 
— | introducing more uncertainty as to its proper value. As the method used was 

1 as left ‘Precisely the same as that used on Cane Creek, the calculations will not be 
ting the given here i in detail as on that stream.” 

Other floods, which rank high among the extraordinary recorded floods, 
t those which occurred in the vicinity of Philadelphia, Pa, 1 1843. The 


record for the discharge during these floods is found by a recent re- computa- 


the dis- 


resented, 


racy of 
Jn many 


tion based on obtained at the time o of the flood. ‘The writer is 

Griticizing either ¢ the accuracy of ‘the data t taken at that time, or the method 

t computation, but simply noting that there is a large chance of error, and 
<a that, too much dependence cannot be placed on such data, For many of these 
floods, therefore, there is an estimate based on doubtful 
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data, with no assurance that these estimates in in 


_ appears further, comparing the various of flood 


flows, that own are considerable differences as s to the magnitude of these 

floods in the different tables. In some cases these differences are accounted 
by revisions of the original estimate; in others they probably are | due to 

typog graphical ex errors and similar causes. time a new table is presented, 
. “some of these | errors creep in. . Evidently, such data are in much confusion, — 


and ‘there is real need of a carefull study of the original records of all these 


wun floods i in order that their relative reliabilities may be determined. a Sit. 1 
s , The author’s proposed method of determining the maximum flood on a 


‘Stream is is evidently based on consideration of the single flood | that river. 
For many of the rivers there is no method of telling - whether or not ‘this. 


single flood is an _ extraordinary event. . ee is true that, for many sien eams, the 


; author has listed what he indicates as frequent and rare peaks. So far as 


the writer ‘can ascertain, these frequent and rare peaks from two 
or three different sources. Most of them represent the data taken from ‘the 
--writer’s: paper on “Flood Flows”; others are taken from ‘the study of floods 
and few others from observations and estimates the 


: author. So far as those taken from the writer’s paper are concerned, ‘the 


3 frequent peaks represent the yearly floods as obtained by averaging the largest: 
flood year, over a which was then available. of 


a, saa basing of any estimate on ‘the single maximum flood, : without con- 


- sideration of any other floods which have occurred on the stream , leaves the 


"time element entirely out of consideration. nit allt ty 
- Mr. Lane’s excellent statement * of the meaning of flood frequency and its 
- importance, will serve to o clarify this subject. His study, which is confined 
. a to New England streams, indicates a frequency relation for flood flow expressed _ 
Q= Q, 0. 69 log T). Ww riter, basing his study on all the 


of the Eastern Coast, which included, of course, Southern as well as ‘Northern 


i tony i a relation as to frequency for those rivers in accordance with | 
the formula, Q maximum = Q average a oh 0.7 5 log T); ra for other parts of 


the United States, he found a larger variation in respect ‘to ¥ and adopted 


asa general average, 1-+ 0.8 log 7’, believing that the data then available did 
not justify any attempt to use a different relation for different localities. 


In making his study, Mr. Lane has ‘used : a “method which | giv es the flood - 


to ‘be equalled -or exceeded, corresponding closely to that described by the 


writer. ‘+ Using Mr. Lane’s illustration of a series of 1.000 floods on a stream, 
is correct of course when he states that the one- -hundredth of the series 


is that which will be equalled or exceeded | on an average of once i in a 10- year ; 
period. But v vhat about the largest ‘It is not the flood which will 
be equalled or exceeded in 1000 years. It is 1 the flood which will probably 


_ a “Flood Flows”, Transactions, Am. Soc. C. E., Vol. LXXVII (1914), p. 580. 
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occur. It is s the flood for which there is an equal chance that _ it will occur 


in another thousand years. This is what the writer’s formula gives, and, in 
his opinion, it is what is desired. _ With Mr. Lane’s method, this largest Sond 
carter cannot properly be included in his series unless he includes it for a period 
unted of 2000 years. From the method outlined i in his discussion, it would appear 7 
lue to that he has not done this, _ but has taken the largest flood as the one ‘which 
ented, is equalled or exceeded for the full period. If so, he is slightly in error for 
ite were desired to f find the flood for w which to edie so as to be quite 
sure that the structure would fail within a given period, then the flood that = 
is equalled or exceeded in the period would be the proper one to use. The 
_writer’s view of the matter, however, is that for the design of the structure, 7. 
is desired to ascertain the flood for which there is an even chance that it will 
not fail during the period, and for that reason he e used t the average flood. It 
‘really matters little which method i is used, if: ‘the computer understands what 7 
he is doing. Substantially the same results would be obtained if the value 


(Of Ti in the Lane method i is made twice as great as in the writer’s method. “The. 7 : 


ym the 


floods 4 


relation | between these ‘methods has been discussed previously* at some length 


od, the wa Mr. Lane apparently obtains his yearly flood by y plotting the 


than by averaging the floods. ie! There i is much to be said in favor of this method _ 


parr something to | be said against it. t. A As he states, it eliminates any considera- = 7 
tion of the larger floods and, in cases where these floods are unusual, this _ 


“result, would be better. It is not certain, however, that these larger floods 
are unusual. Is it not equally possible that, for the period in question, the 
stream has: had a an ‘unusual number of smaller floods? The writer considered — 


this question. at the time he prepared his paper. He 1 was much inclined to _ 


- adopt a 1 method similar to that proposed by Mr. Lane, but concluded that, 


while j in some cases the average was unduly affected by including the larger 


1 floods, the error in neglecting them, while less apparent, was, in other pene 
pressed quite: as great. his own work, however, he takes into consideration both 


of this 


2 jal 
treams the actual average yearly flood and the yearly flood as indicated by plotting. ‘ 
For long records either method will produce satisfactory results, while 


short records there is, of course, bound to be : some error. 


orthern 
with 


arts of Lane has computed the probable error in obtaining the one- year flood 
,dopted by means of records of different lengths, based on the Merrimac ‘His: 
ble did Tesults seem to agree quite closely with those found by the writer 
ties. E study of x many different rivers to. ascertain the probable error in in finding the . 
flood average yearly flood. n so far as the probable error is concerned, there 
by the seems little to indicate which method is the better. 


( A study of the floods on ‘streams where large ground storage exists, or where © 


> series there are considerable storage reservoirs which are partly, emptied at times 


10-year -vhen floods occur, has convinced the writer that i in some cases a method almost 7 
ch will a o opposite of that sugg gested by Mr. Lane is necessary. such streams 
robably ‘the floods are divided into two series, one representing the floods that come — 
et 


Transactions, Am. Soc. C. E., Vol. LXXVII (1914), 
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when sie is to be had in the ground or in n the reservoir, r, and the ele. 
‘including the floods when no storage is available. The plotting then may 


become two parallel lines, one distinctly higher than the other. This is because 


the storage, when it is. av ‘ailable, , affects the total run-off from large and small 
storms by about the same amount, thus being a ‘much greater ‘proportion of 


the small storms than i it is of the | larger ones. Tn such conditions the food 
to be used i in 1 the place of the yearly flood i in ‘the formula, ‘should be e determ ‘mined — 


largely by consideration of ‘those floods which occur when little or no - storage 


‘is. available. It t can be approximated by considering only the upper points 


‘representing the larger floods, drawing through these points a line represent- 


ing the frequency relation and considering the early flood” as that given 


by the intersection. of this line with the one-year line. al This, of course, may 


be higher than the average and much higher than that obtained by the Lane 
method. | While such cases are not common in most sections of the United 
States, yet in a study of Southern California streams sever al were found, and 


‘the influence is undoubtedly felt for other rivers, . although it is less ‘marked. 


‘Here the method proposed by Mr. Lane would lead to a much larger ‘eee 


In ar rid regions these conditions are ex xaggerated, so that no floods of any 


moment: occur years, yet. large ‘floods: sometimes come. In his 


in arid and semi-arid. regions onditions 


that no ‘floods worthy of the name occur in some years, “Geeta edlaaionally’ 
there is a large one. For such cases the average yearly flood becomes low 
and the percentage of the maximum flood becomes unduly high. — These nol 


ditions are quite different from those generally found, ‘and it seems best to 
exclude such cases. It follows, of course, that the frequency relation bell 


. Lane suggests that the relation between the average 24-hour flood and 


th ie ates rate of flood, as included in the writer’s formula, is the weakest 


“14 part of the formula. i The writer agrees. - Ati the time the study was made little 


were available on the “maximum rate of flow, only occasional records 


_ could be found for most streams, and there were few continuous records. What 


were to be had. consisted, i in the main, of records based on ‘the 24. hour 
, so that it was necessary to make the study on that basis. _ The writer 


"appreciated the fact that the peak flow for small streams wou would be a larger 
7 proportion of the 24-hour average flow than for large streams, ;, and established 
relation as best he could with the data at hand. 


_ At present, there i is a large amount of additional data available, and a far 


we relation can undoubtedly be established. This the» writer hopes to do. at 
an early date. 2. Mr. Lane e suggests th that, instead. of using this relation, his 


may be used. With ‘this conclusion the writer is agreed, providing that it is 


‘possible to obtain directly the flow at the peaks of the floods. At: the time ane 
writer proposed his formula, was quite impossible to ‘obtain these peak 


' flows for any considerable number of rivers. Even to- -day the bulk of the data — 


is still expressed in terms of a 24-hour average, so that the relation between 


Transactions, Am. Soe. C. E. Vol. LXXVII (1914), pp. ~582 


wey ene 
us 
it 
f 
of 
m 
al 
fc 
f 
te 
ir 
d 
as 
fl 
&§ 
— 
| 


PARSONS ON FLOOD FLOW TERISTICS 18 
the peek the 24- hour “average is a necessary part of the 2 Ww There, 
other however, the peak flows are available, the writer certainly would : ‘agree that 
may they should be used i in preference to any formula which could possibly be 
cause devised. In other words, where facts are available, they should always be 
small used i in preference to any indirect figures obtained by means of formulas. 
‘on of 7? _ ‘There is a one point in regard to this relation between maximum rate and 
| q average rate to be made clear. Mr. criticizes the elation because 
mined it does not : agree with some individual cases. _ The relation as expressed is 
intended to be» that between the maximum flow at the peak, during a Period 
of years, and the maximum 24-hour average, during that “same period. This 
_rdation cannot be expected to hold for individual floods, as s the two  ‘wikattieitiie 
A few years ago the writer made a partial check on | 1 the frequency relation a. 
formula by again plotting the data for s¢ selected streams with long 
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records, including ‘therein the floods for five six: additional years. For 
“most. of these streams the indications were re that the individual plottings 
proached more closely to the general relation than previously. With the large 
amount of additional data now available, it may be that frequency relations 
‘different sections of the country are justified. Tt is the writer’s intention 
to make a re- -study of this phase of t the problem. pi atitton 
investigations which have been. made have only ‘seratched_ the surface 
of the flood problem. The maximum peak flow, although an important element 

in many problems, is in others less important than the maximum total flow 
during flood periods. ze In fact, the hourly flow for small streams, representing 

as it does. the bulk of the run-off, is perhaps properly ‘comparable - to daily P 


flows of larger streams, weekly f flows of still ‘greater rivers, and flows of several 


weeks: for the Mississippi River in its lower stretches. Each represents the 
run-off for somewhat similar conditions. A study along such lines might tend —_ ; 
to clarify some points | not yet understood.’ There have been many studies of _ a 

of. such elements the average slope of the drainage area, 

ration of the length to the width of drainage | area, the average rainfall over 
area, and some other elements. The effect of the percentage of the water 
area of lakes and ponds is another factor which could well be studied. Infor. 

~ mation as to the effect of these elements, a as well as to the effect of the size of 

& the drainage area and of the : frequency relation, would place in the hands of the | 

engineer tools with which to work in solving the problem for “individual 

‘streams: but they can never eliminate the necessity for the careful | study of 


te stream itself or the exercise of judgment. 


_ Formulas which confuse the effect. of any element are, however, not us useful 


wis as ‘they tend to confuse the judgment. — In the writer’s 0] opinion, , the 
_ author’s formula, purporting to show the effect of drainage > area, » while i in fact 


— Ineluding thereunder the effect of : many other elements, comes in this class. 


6 DE B. . Parsons,* * M. Aw. Soc. c. E. (by letter) +—This paper calls atten- 
tion toa ‘most important ‘subject, and the data ‘of maximum observed flood 
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FLOOD 
rates given in ta tabular fon form will he to those ‘studying flood 


- The maximum run-off in any district must be strongly influenced by the 
characteristics of of the district, such as the geological formation, surface > con: 
‘number and : size of tributaries of the main stream, forestation, « ete. 
When the area of a drainage basin is large, the physical characteristics of part 
the area may (and often d do) differ widely from those of other parts. 
«i hae the flood discharges. given in Table 2* were segregated into groups 
according to physical characteristics pe to geographical location, the varia- 
tion in the value of constant, C, between upper and lower limits » as sl shown 


Plate VIII,t would be greatly ‘reduced for each group. ‘This would “make 
e practical application of the formula less liable to perror. 
would seem that a formula to the discharge in second-feet as 
a maximum to be ¢ aii based on known flood records, should be of the form, 


- This i is the author’ 's Equation (2),$ with the addition of : a variable to cover 
- the physical and geographical characteristics of the ‘drainage ‘area. It might 
es possible to determine values for K by classifying the data in Table 2, and 
platting the points in a manner similar to that used for Plate VIII. i, Then, 
sie  : would | be constant for each classified ‘group, and C would be constant for 
groups, but sufficiently large to cover the maximum expected floods. 
_ The writer suggests that this matter be referred to the Society’s Special 
Committee « on Flood- -Protection Data and to the author, who deserves great 
_-  eredit for the work he has done. Perhaps a detailed study of classified drainage 
basins would develop the fact that values” might be determined for K which 
— would be characteristic for certain | physical and geographical conditions and — 
_ which would bear some simple relation to the discharge corresponding to Sense 
precipitation. ‘This idea, expressed mathematically, might the form oft 


K = Function of = f 


Soc. C. B., 1924, pp. 1568-1579, qh 
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ELEMENTS GOVERNING THE DEVELOPMENT 


thn By Messrs. ArtHur W. DEAN AND Van ALEN Harris teal 
ArTHuR W. Dean st M. ‘Am. Soc. E- —The prime origin of the extensive 


of highways and the increase of highway traffic is the development 


of the internal combustion engine, just ‘gs development of railroads ‘and 

street railways in the neteenth Century with the 


2 the 4 steam engin 


; Asi in the past, various other elements will ¢ affect or govern the development 
a of highways and the traffic over them, and § ‘some of these elements, although 4 
“Special any: mentioned by other writers, are so applicable that a will bear repe- 
drainage _ 1-—The radual increase in efficiency and decrease in cost of motor 
& 


which 


ions and 
o known 


le 
at 


vehicles leads directly to. an increased use of such vehicles for the transpor- 


tation of freight on what are commonly termed short hauls, and also 1 toward 
increase in the economical hauling distances. kins 
Wh 


—As ‘the use and improvement of the motor vehicle “progresses, the rail- 
: way pe railroad lines that are now being used mainly for short hauls may 


be e outrivaled and their use ‘discontinued, thereby i increasing : highway traffic. _ 


x 8. —Many i ndustries are now located at points somewhat remote from rail 
_ transportation lines, yet not so far from sources of raw material or from — 


but that with improved highways and improved motor vehicles the 


highways m may be profitably used for hauling their products. Such industries 


, 86 —Opportunities exist for industrial and farming development i in innumer- 
able localities remote from transportation lines. Highway m will 


dead 1 to development of the resources of these localities and, in turn, _ wil 
-act to increase further highway hee 
— —Passenger transportation by means of busses is increasing rapidly. 
4 * “Already there are several bus lines making regular daily, trips between cit 8 
& 100 m miles apart, and many with hourly schedules between nearer points. a . 


<i *This discussion (of the paper by A. N. Johnson, M. Am, Soc. 2. E., presented at the 


in Proceedings in order | that the views may be all 
; ed 7 Che. Engr., Div. of Highways, Dept. of Public Works, Boston, Mass. vate 


a: of the Highway Division, January 22, 1925, and published in May, 1925, Proceedings), — 7 
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"HARRIS ON DEVELOPMENT OF TRAFFIC [Paper 
There is is always ¢ the inherent desire of the dwellers in congested areas: 


to reach and enjoy the open country and for. dwellers i in the country to reach 


and ‘enjoy yy the city ‘scenes and activities. av average person enjoys a trip 
anywhere away from his on own usual environment; there i is also the professional 


man, ‘the business man, and the a artisan, who enjoy using, or may frequently 

0 of necessity use, the ‘motor vehicle in preference to the old form of publie ¢ or 

private conveyance. >... a these are large factors tending to increase highway | 


“All these elements aff affect the development of highway traffic, but in order a 
thet such ‘development 1 ‘may continue healthy progress, the nations and’ 


subdivi isicns thereof must enact uniform and consistent laws” and 


permissions and prohibitions, particularly as related to 


AN ALEN * M. Am. Soo. C. E. —The viaducts across Biscayne Bay 
<q between Miami and Miami Beach, Fla., are illustrations of traffic saturation. 


‘The distance across the Bay is ; three miles, of which the larger part is a cause: — 
_ wa ay with plenty of room for a very dense traffic. At each end of the causew ay 


is a viaduet 2 2 000 ft. 1 long and 20 ft. . wide between curbs, allowing only one 
vari rit 


. line of — traffic i in each direction. _ The speed limit i is 25 miles per ho hour, with 


p passing of cars going in the same direction on the viaducts. if aii 
_ Miami Beach, with a building program | of $4000 000 per year, is a high 
class residential section , and also the ocean bathing resort of Miami. Prac- 
- tically | all labor working at Miami Beach comes from Miami across ‘these — 


viaducts and causeway. This flow of workmen returns to Miami between 
. 


4: 00 and 6:00 P. M. , which i is ‘the s same time that the bathers return to Miami, , 
with the consequent peak traffic between these hours. 


fe the summer of 1924, that is, out of the tourist season, 8400 automobiles _ 

‘and trucks 1 were e counted crossing in 1 day, and between 1200 and 1 300 ea | 
1 hour, at the peak of the traffic, of which about 85% was going in one e direc: 
tion. No more could have passed, as there was a a steady stream of cars which _ 


oor urged to zo as fast as possible, but, although the speed limit is 25 miles 


_ per hour, the average speed ‘during the congestion was about 18 miles per _ 
- hour. _ It may be assumed, therefore, that about 1100 ears in each direction _ 


is the limit of a 20-ft. road under the most favorable conditions. == . 
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4 eck, Assoc. M. Am. Soc.C.E. 
ances T. Assoc. M. Aut, Soo. C. E. (by letter). $—Those having me 


nances- 
o with the design of concrete structures are likely to” consider the safety of 
it has been the 


wit 
- the structure from the standpoint of its ability to ¢ carry loads. 
experience, however, that the life of many structures has limited by 


~ factors other than their ability to. carry ‘the loads for which they have been 


“designed. | It is recognized that ¢ concrete highways are subjected to stresses of 


~ considerable intensity, which are e produced by agencies other than the wheel 


loads of traffic, and a a thoroughly rational procedure i in the design of concrete: 


‘Iti is s known, of course, that ‘temperature iinins brings about hick stress in 

concrete p pav .vements, and it is also” quite apparent that moisture is another very _ 


active stress pr ducing agent. 
The present investigation was made tc to obtain more exact information 
the influence oft moisture e on concrete highway design. The author is to be com- 
fiami mended on taking manner in which the present series of 
a > tests were conducted. The careful design of apparatus and attention to neces- 
obiles sary detail the conduct of the work are reflected in the character of the 


results obtained. ‘The author has corroborated 1 the general results obtained by 
: other investigators in this field, namely, that Portland cement mortar or 


conerete shrinks on drying and expands when kept moist. . It is, significant, 


however, that the percentage of contraction on drying differs: greatly” in 


different brands of of cement. @) viously, this must be an important | element i in 
‘the relative number of shrinkage -eracks in concrete roads_ after the initial 


little ; as. s possible. 
shown by these tests is a \ fact that has not generally been recognized, for it i 


quite the yoga use a constant value for the coefficient of expansion | a 


irrespective of the temperature. Apparently, the value for the coefficient 


- eXpansion at ordinary air temperatures is about 0.00000425, which is somewhat 


The » values obtained by Professor Hatt might be well worth while cor- 


--roborating through another series of investigations. Values obtained for a 


change in length 33 concrete in general check with those obtained 
This discussion (of the paper by W. K. Hatt, M. Am. Soe. C. E., presented at. the 


“Meeting of the Highway Division, January 22, 1925, and published in May, 1925, Proceedings), 7 
= Printed in Proceedings in order that the views rs may be eye before me. 


Members for further discussion. 
 Chf., Div. of Tests, U. S. Dest: of ‘Agriculture, of Public Washing- 
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GOL DBECK THE EFFECT OF MOISTURE ON CONCRETE CRETE _‘([Papers, 


“the: wr iter.* The decrease of | contraction. depends apparently 1 not or only on on the 
character of the. ‘cement, but it has been the writer ’s experience that much 
also depends on the dryness of the atmosphere, for it has seemed that even a | 

short t period ¢ of high humidity could be detected through the slight e expansion of 


Iti is to be noted that the percentage of expansion of conenie kept. moist is 
* considerably lower than the percentage of contraction of concrete permitted 


to dry out. This ‘conclusion likewise was borne out in the writer’s experiments | 


along this: line. _ The effect ¢ of a period of wet wet weather on specimens exposed to to 
the atmosphere is ; likewise . clearly demonstrated. it is to be noted, however, 


that the rate of change of length of the specimen is quite slow, not only in 
expansion, but also i in contraction. It has often been noticed that the ‘greatest 


percentage of | “plow-ups” in concrete pavements occurs in the s spring that 
as the summer progresses the ‘pavement ‘settles back into position. This 


phenomenon is ‘readily explained by the tests just reported by ‘Professor 
Hatt, for in the spring the ‘sub- -grade i is in its wettest condition. ‘The concrete, 


therefore, is expanded not only by moisture, but | by the high temperatures 
during” period. Gradually, the. moisture evaporates and during: the 


~ summer ‘the bho shrinks somewhat and is subjected then only to the | 


_ The lesson to be e learned from Fig. 10+ evidently i is that engineers need not — 


be afr aid of the structural strength of concrete as long as it is in a frozen con- 
dition, but that its weakest condition is. that immediately after thawing or 


when te is entunehed,. The : measurements on ‘the movement of the corner of the 


road slab, depending on the extent of saturation from bottom to top, are e what 


= 
= 


Perhaps” it is not generally realized that under conditions a 


"rather high stress 1 might be created transversely in a concrete slab due to a con- 
dition. of high moisture at ‘the bottom of the slab as compared with a a dry 
condition at the top. For an 18-ft. slab, the following calculation shows that 
"theoretically a stress produced by deflecting the end of an 18 ‘ft. by 1 ft. by 

8-in. ec merete beam to its original shape after it had been warped because of 


- difference of moisture content between top and bottom a, may approximate the 


= 0. 0002 0025. 


abetitution : eer ly in 
ye 0.00025 x 216 X 216 
< is Assuming the beam to be supported at the center, each half becomes a 


cantilever of length = 108 in. (Fig. 24 


Bulletin No. 582, U.S. Dept. of Agriculture, 
—_ Am. Soc. C. E., May, 1925, Papers and Discussions, p 
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Papers. 1 — GOLDBECK ON THE EFFECT OF MOISTURE oN CON CRETE © 
The deflection ‘due to weight ofbeamis: 
900 X 108 X 108 X 108 X 12. 
000 000 X 8 x 8 8X12 


es stress produced by weight of beam is: — 


atures: _ The remaining deflection of 0.088 in. will ied 271 


of the . This calculation assumes that the slab is bent back into a plane — passing 


Piss | 


e yehicles after it has been warped by the unequal distribution of moisture 
astee the bottom to the top of the slab. This condition is, , of course, an extreme one 


men) ‘andj is generally not obtained. Nevertheless, the possibility, of very high stress 


ions It should be borne in mind that, in general, the extremes 


sa 

a con- in 

dry to occur in the field, for usually ‘the vaporation and saturation are not 

nf that 7 carried to completion i in the field, due to the intervening influence of periods 7 wi 
dry and hot weather and to the influence of capillary moisture the 


The study of ihe e effect of moisture on concrete would not complete 


‘without further study of the effect of repeated loading on wet concrete as — 


as on dry concrete. f Professor Hatt and others have shown that repeated lene 
~ have telling effect when they produce a stress much in excess of the modulus _ 
; of rupture of the concrete, the concrete being dry. It would be interesting to 


learn whether the effect of repeated loads might not be more severe on concrete 
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THE ATMOSPHERE: AND ITS RELATIONS TO HUMAN > 
EALTH AND COMFORT) 
RG . SoPER M. Ax. Soo. C. E—The speaker feels he has been 
on a Jong journey. ‘From the stellar spaces to the bowels of the e: arth, from the 
abrasives factories of Niagara Falls to the fogbound cities of Europe, from. the 
Gobi Desert: of Mongolia to the rieomcvenindl sealed testing chamber of a New 
i: ork 1 university, is certainly ¢ a a great distance. He hopes he has escaped from all 


the dangers ¢ of breathing air which Professor W inslow has told about: but he is. 


‘ tis Carbon 1 monoxide is a subtle poison, and since city dwellers are compelled 


to breathe it day after | day and year after year, there ought to be more 
certainty ‘as to its effects. danger, if it is | one, is increasing. is 
a increasing with the size and complexity of urban life. ‘With the growth of 


traffic and of industry, the air is ‘receiving more and more carbon, monoxide 


every day and, with the greater height | of F buildings, the opportunities. for its 


i One of the principal sources of ancy “monoxide may be mentioned, to to 
_ show how rapidly the increase in this gas is taking p lace in the city atmosphere. 


el 


in 1923, the number of motor cars registered 1 in New York, ‘N. Y.,, » was 363 500. 


‘Tn 1024, the number had grown to 440 218. ‘The i increase was 1% in this one 


ar. The volume of gasoline consumed w these cars in 1924 ‘oa been esti- 


a It may easily be that many persons are suffering from slow poisoning and 
P that effects of which there is as. yet no proof are being produced that are 


decidedly injurious. it is a curious fact that people so seldom attribute. to 
t the air the sensations of discomfort, if not of ill health, which they experience 


from a They ‘sit in crowded and ill-ventilated room a , until they get tired, 


- little reasoning that it is the state of f the atmosphere sack fatigues them. ‘ 4 


q 


: a ‘There can be no disagreement as to to the significance of carbon monoxide é 


as ‘a cause of sudden death, v when » present in sufficient concentration. Dr. 


address read March 25, 1924, before the New York Academy of Medicine, and 


* This discussion (of the paper by C.-E. A. Winslow, _Esq., presented before the canter 
Engineering Division, January 20, 1925, and published in May, 1925, Proceedings), is printed 
in Proceedings in order that the views parca _— be aa before all members for 
Cons. Engr., ‘Great Neck, N. Y. 


Charles Norris, Chief Medical Ex Examiner of the City of New © York ,ina an 
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inet Meeting of the Police and Fire Surgeons ™ the Cit ty 


again before 


reason that it claims yearly, in all modern cities, more than’ occur 
from any other one cause (including accidental and suicidal gas asphyxiation), in 


except perhaps, in] New York City, the deaths from vehicular accidents.” es 


speaker said that people a are slow to ascribe to the air about them Lf 
» the discomfort which they feel from it. This is "particularly true of carbon 

7 monoxide. A person may fall over, gassed to unconsciousness, without ever s 
) having realized that anything was the e matter with him. He may sit and rill ca 


air ir which is contaminated with this gas and not | be made i in the least uncom- 
fortable by it until he starts to walk home in the outer air when the symptoms 


may attack him with such violence that he is unable to proceed. A motor 


idling in ina closed garage for 20 min. will produce sO much carbon ‘monoxide 


‘that a person who i is working on the car may suddenly fall, lose his senses and | 


die without ever crying out. - Many deaths occur from gas | heaters and stoves, 


from the 


from the which give off carbon monoxide to the atmosphere of sleeping-rooms, the lives 
of a New of the sleepers passing quietly away without the victims waking up. TT ial ie. 


from all Some t time ago a family was asphyxiated on the eighth floor of a house from os 
but he is a leak i in a pipe in the cellar. Recently there v were two deaths i in an apartment * 7 


ir? 
oe EE house in Ne ew York ascribed to a small leak in a main in the street. The speaker © 


ompelle has broken down a door and dragged out a man near the point of death from a 
a more bathroom § in which a gas water heater had produced enough carbon n monoxide 
It is to overcome him. Tn none. of these instances has there been any y reason 
rowth of “suppose that the cshetliian have struggled or made : any effort to. get better air. 

sal The gas has robbed them of the power of doing so. __ a ‘bes ai 


fo much for the poisonings of a tragic character which are due 


monoxide. Engineers are not. unfamiliar ith them, for ‘they occur occa- 
sionally i in mines, tunnels, anc ‘some other works of engineering construction. hea, 
When these accidents spoken of, however, the tale is not all told. It is 
"necessary to consider the large amount of poisoning from ‘this gas | which does 
“not lead to fatal consequences but produces effects which may nevertheless be 
hemfal. Just what these effects are and how harmful they 1 may be is a oe 
Carbon x monoxide i is a practically invisible ; gas, of 
th the same specific gravity as pure re atmospheric air. It is discharged from. auto- 
‘ mobiles in large quantities, tush incomplete combustion of. their 
Are the gases ‘diluted under the everyday conditions 
at city lifet Tn answering this question two conditions must be taken account 


this one. 


—_ First, the state of the general atmosphere of the streets and other ‘laces 

on. De ' where the gases are encountered, in which diffusion is fairly uniform and com- 

plete; and, second, the air close to an automobile before the exhaust gas has 

ine, and . time to become - thoroughly 1 mixed with the air about it. All know from e experi- 

“ence unpleasant it is. to get a breath of the odorous gases direct from 
mbers for in o order to avoid 
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standard adopted for the New ‘York- New Jersey ve ehicular Tunnel 
parte per 10 000, it being expected ‘that this standard will apply only 


« ‘passengers making pe transit of the tunnel in less than 1 hour and usually 
in less than 4 hour. | Employees, who ‘are exposed longer, are to be provided 
with an extra amount of ventilation at their s stations. 


as! 
Ps: word a as. to the way in which carbon monoxide does a: Ase every y one 


It is absorbed sii the by the hemoglobin of the blood as 


it passes through the lungs. Hemoglobin will absorb ‘earbon monoxide also, 


«Tt has: a decided preference for i it. It takes up the carbon ‘monoxide three 
hundred times more readily than it absorbs oxygen. it t accumulates it and J 


keeps it for a long time. A person recov ering from carbon monoxide ] 2 poison- ne 
ing gets well very slowly. The gas not irritating: or corrosive is § 


obstructive. — It keeps ‘the blood from absorbing the amount of oxygen which 


Ss The intensity | of the effects s depends not ¢ only upon the amount of carbon “ 

monoxide in the atmosphere | but also upon the length of ‘time that one is 

exposed to it and 1 upon various other conditions. person. may be. much 


more’ quickly affected than another. In mine accidents where number of 


are killed, others extricate themselves from the group and 


away. Long exposure to low concentrations produces worse effects than short * 
exposure to high concentrations, even though the is 


Increased breathing facilitates the absory 


exercise accelerates it. Anything that lowers the fitness of a person, 


fatigue and ‘overwork, contributes to the harmful | effects. Children and 

pel ns in ill health. are ordinarily t the first to be affected. out 
For the blood to take 60 to 80% of the greatest amount of carbon monoxide 

which it i is capable of absorbing is fatal. To absorb 30 to 40% is is to produce 


Severe headache, weakness, dizziness, -dimness of vision, nausea, and collapse. 
7 ‘To absorb 10 to 20% produces a sense of tightness « across the forehead, perhaps 


_ When the concentration of carbon monoxide i in the air is from 2 to 3 parts § 
"per 10 000, the blood will absorb from 23 to 80% in from 5 to 6 hours. W hn § 
"the concentration is 4 to 6, the percentage becomes 36 to (44 in 4 to 5 5 ‘hours. 


| When the concentration is 7 to 10, ‘the percentage rises. to 47 to 53 in 3 to 4 
mae In other words, i if a person breathes air containing - between 2 and 3p parts” 
of carbon monoxide y per 10 000 for 5 or 6 hours, he i is very ‘likely to have a head- | 


7 ache with throbbing of the temples, and long before that he may feel a a = 


skin may be somewhat dilated. ai 


” 54 _ Now as to the concentrations of carbon monoxide which are to be met wit 
4 In 1923, Professors Henderson and Haggard of Yale were employed by the 


Pe — across the forehead and a slight headache, and the blood vessels of his 


Committesi on Public Health of the New York of Medicine to make 
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tests of the amount of carbon monoxide i in the a air of the streets of New York. | 
This they did, ‘between the middle of J uly and the following March. The 
samples were collected into suitable containers, which were carried about 
usually ‘The investigators showed an inclinati itors do, to 
provided e investigators showed an inclination, as many 1 visitors do, to remain on 
Fifth Avenue. ‘They went repeatedly up and down that thoroughfare, once 
ery ai as far north as 185th Street, , although it is to be noted ‘that, from 59th to 110th 
. Streets, one side of the render: is entirely o pen to Central Park and the air is 
Ta pe better for this reason. Following are » some of the results of the ar analyses. - One 
ide “also July a afternoon, with light traffic, the ‘earbon monoxide among fourteen samples. 
ide thre ranged between 0.1 and 0.64: parts per 10 000. On a rainy day, with light 


traffic, sixteen samples were taken and had a Tange between 0. 5 and 2. 6. i On 


“instant 


sia 02 and 4.6. As series of nineteen samples, with considerable traffic, — 


ere between 0.2 and 3.1. On still another day, with moderate traflic, fifteen samples 


oa varied between 0.2 ‘and 2.9. The average of ‘these ninety- -one samples of ¢ “ir 
£ ca m from Fifth Avenue was 1.1 parts of carbon: monoxide per 10000 parts by 


one 
be much 


as 


umber of 


In various pai parts of the city, on a and day with light traffic, samples 
_ were collected gradually over a period of 20 min. and ranged between 0. 6 and 


na wk 21. |. Finally, on a very cold, gusty day, seven samples ‘were collected which 
alk 

pen iii tit The tests were made on samples of ait collected at times of moderate traffic 


e same. 
cand, for the most part, on a broad and open thoroughfare under conditions 
pers on, “which n may y be said to have been, on the v whole, favorable to low carbon monoxide _ 
concentrations. On every day except the first one, when the traffic was light, 


es } ‘the ea samples contained | more carbon monoxide ‘than is safe and some of ‘them: 
produce t- __ The investigations should be repeated on a larger scale, now that the number 
automobiles has increased so greatly, and they should include a ‘greater 
 &§ variety of places, times, and concentrations of traffic. Certainly, they should © 


perhaps 
ee over: times when the traffic is heavy, for this is a very common condition — 

parts and one, which particular interest attaches. _ Not only is “more carbon 


“monoxide: produced then but there are more , people: in cars and on foot to be 


only the m maximum and and average condition « of the air 

but the worst conditions which frequently occur should be known, 

example, Sixth Avenue under ‘the elevated railroad in the lower Forties is 
often filled from eurb to curb with ears, either moving slowly or i 

i is the low-lying structure of the railroad to interfere with 

Wis = the exhaust gas to the upper atmosphere. 

a ~ How much carbon monoxide is present when the avenues are blocked with 

ot oll fait How much is present when the blue, oily smoke from the motor cars 

tl :o angs, a thick haze in the streets and there is no win wind to blow it away ? What 


a is the con concentration when traffic is jammed on the narrow cross streets? What © : 
is at the taxi platforms of the railroad stations, when it seems, as it usually — 
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_ The information ~_ by a t orough investigation | would apply not 


‘temporarily on. the streets, important as that would be, but it 


q would have more far-reaching - value. it is not to be forgotten that the sub- 


ways get their air - from the streets. 2 Tn fact, they | get it from the surface of the 


‘pav ement, which is the level at which the automobiles exhaust their gases, 

long hours, in n the’ shops ¢ on n each side c of the streets, to the e shoppers, and t to 0 the 

large’ pgp of people on ‘the floors above the street level in the buildings 


4 


which line the streets. _ For the shops" and the buildings above them get much 


of their air from the st streets and at the level. of the front doors and cella 
openings. Except in summer and under unusual circumstances at ‘other 


- seasons, ‘the : air which gets into the buildings enters, not so much through the 
windows, as does the light, but at the ground floors and cellar levels. is 
a) heated and rises upward. Studies of the ventilation of tall office buildings of 
“Manhattan have provided ‘surprising amount of interesting information 
upon this subject. As Professor Winslow has pointed | out,* the proper -ventila- 

: tion of schools and shops and apartment houses” and, in fact, all buildings, is 


not to be accomplished by fans and ducts and dampers, so much as through a 


better utilization of the n atural currents of air which exist as be brought 


‘more attention must be given is called If there 
is to be good air indoors, there must be good : air 0 outdoors. — Tt is of paramount 
an 
importance that cities should be well ventilated. ¢ 
all -~ In connection with the investigation of the air of s streets, asi study should 
be made of the health of the people who spend their working hours there. 
‘Traffic: and the motormen and conductors of busses and trolley care, 
although obviously selected as much for their rugged health as for the pos- 
session of mental qualities, would afford a profitable field for a per y made 
‘Such an inquiry as is proposed would not be without precedent. Studies 
i) of subway air and ventilation. ‘were made some years ago at the ins stance of. 
; the Rapid Transit Commission of New York, ‘in which many thousand an- 
-alyses were made ‘and these were supplemented by thorough examinations of 
the respiratory apparatus of the motormen and conductors on the trains. 
<a Is the speaker exaggerating the pos possibility of danger from carbon ‘monoxide 
in city streets? It is possible that he is. It may be that | - most people can 
, stand a certain amount of ‘carbon monoxide without much harm, just as they 
can stand tobacco smoke and, in former times, some stood alcoholic. intoxica- 
4 tion. Perhaps: the only bad effects of carbon monoxide in the city is 1 to make 


people tire more easily, a little less correct in judgment, a trifle less certain 


‘in mental and bodily co- -ordinations, s somew vhat more irritable, and a bit 
susceptible to accidents and disease. In the aggregate this may or may I not 

be important. It has been suggested that some of the very numerous accidents. 


which occur in the streets may be ascribable to the subtle effects of unsus- 
pected carbon monoxide, but nobody Teally knows. 


Pager 
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Aw ord as to if a a remedy is required. The speaker 


pply not jm te remedy should be left to the Engineering Profession. It is really an 


e, but j engineering ‘question how to make better use of the gasoline and thus reduce — 

_— b the amount of carbon monoxide to a minimum. It is an engineering question 

ce of de. how to discharge the spent gases so that they will not be driven into the i, 
gases, = and so into the lungs of drivers of other cars and pedestrians. is. It has = - 


them fue suggested that motor cars carry stacks and send their exhausts 1 upward, as 
has proposed that absorbing chambers, filled with 


puildings mok s, for the purification of the gases which 


nd cellar It is to be hoped that something better than. any of these solution 1s may be. 


is: ale brought forward, for, aside from the question of life and health, an improve- 
ment over present conditions would certainly be beneficial from ee standpoint 
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LAWS RE RELATING TO OBN OXIOUS ¢ 


JosEPH A. ‘Warren,t Esq. —Except i in nd the United States the 


"system of prevailing among all the civilized Caucasian races: is. what i is 


“407 


mown as the Civil Law. That la law takes general abstract principles and 


_applies them to each state of facts as it comes up. _ It makes for rigidity, a - it 


‘The Ax American system ‘of jurisprudence, however, i is known as the 
mon Law, and that takes a given state of facts as it happens and applies 
= the interpretation of such facts the custom and the general understanding 


duri ring past and present 1 times of th the community in general. can readily 
4 be s seen, under the latter system the law i is continually in a state of flux, and 


i 


a it is is very difficult to say in advance what the Courts are going to do in regard 
to any given state of facts. _ A very striking example of that is had in this 

V 


ery law « of nuisance. 


As ‘stated by Mr. Goldsmith,¢ in the early eases the the 
Injury to property almost exclusively. it was the damage tos an individual’ 
fan Ss that laid the foundation of all action, and that was “true . not only 
with respect to the law w of nuisance, but generally. ~The old common law 


—Tooked at the damage to property—damage to an individual suitor. Ww ith the 


change « of the customs of the people, v with the g growing civic consciousness, 


there has been a gradual getting away rainy the emphasis | formerly placed on 
property damage, and to- -day th the: Courts look more to the interests of the « 
munity at large than to 0 those 0 of the individual Property owner} and if bing 


i the Courts are every active nowadays i in 1 finding so: some way y of 8 serving g the phon 


at the expense of the individual property owner. 
_ The most striking example of that attitude in recent years is upl 
ing of the rent laws of New York by the Court of Appeals of that State and by 


the Supreme Court of the United States. Formerly, the e emphasis ws was on the 
injury to property, but now most emphasis is placed on the health and interest 
of the public or of any considerable part of the public. 


Pics In the same e category » is s the r rule mentioned by 1 Mr. Goldsmith taba one 


_ cannot move into a a nuisance. q - At common law, if a business that might be a 
Ty, This cain (of the paper by Irving I. Goldsmith, Esa., presented at the meeting 
of the Sanitary Engineering Division, January 22, 1925, and published in May, ao 
Proceedings), is printed in Proceedings in order that the views oneal may ail — 
before all members for further discussion. 
Proceedings, Am. Soc. C. May, 1925, and Discussions, 
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nuisance existed, and any individual who, after the establishment of that 7 
nuisance, moved into the zone of influence knowing it was there, had no © 

remedy. Where emphasis was on the p property right, this was only fair; but 4 
_ Where a “nuisance exists, because a community has grown > up around it, | 
the law, not to protect any individual who has moved there knowingly, but to 


“protect | the community, v will make available the remedies that exist in the case 


_ There was a rather ‘striking e: example of the wa way this law works in the 7 

case, , referred to by Mr. Goldsmith. It is true that New York 


what is 
sles. and 


y, and it 


1e Com- 


that the settlement that has resulted came from the litigation, "Ganado the 


vere there before the upp upper part of Riverside Drive had denied into a resi- 7 
dential section. All these factories were engaged in a kind of business that 

| applies gave fo forth fumes, odors, and smoke. were in another State. JS urisdiction 
standing of them could not be obtained in the State of New York. | They 1 were larg ge — 

readily commercial enterprises—the Corn Products Company, the General Chemical 
lux, and Company, the Barrett Manufacturing Company, « and | others of almost equal 
ae ail Officials started d dealing with the problem in 1908. N Nothing g very | definite 
was as accomplished until 1917 , when the Legislature of the State of New York _ 7 
1 at the passed an Act (Chapter 292 of the Laws of 1917) that gave to the State Come 7 


ividual’s § missioner of Health power to investigate those alleged nuisances and, if he a 


« 


non law § ‘State of New —— , to file in the office o oe the ciimioen of State a certificate to 


Vith the that effect. ‘If within thirty days those nuisances were not abolished, the char- 7 
lousness, ters of those corporations in the ‘State of New York, if they 1 were New York 


laced on  Salpentdionts a or their certificates to do business in the State of New York, if - 
the com- @ they were foreign corporations, would be automatically revoked, and receivers - 

d if ‘the  Mabinted for x their property. In ‘other words, a sentence of ‘capital punishment 7 
at lange, ge, was imposed on those corporations for maintaining nuisances. It would have — 

general meant the destruction of certain of those great corporations. 
The x remarkable thing about that legislation is that one raised the 
| uphold: question of its. constitutionality, drastic as it was. Under the direction of the _ 
eand by @ then Commissioner of Health, Dr. ‘Bigg s, elaborate investigations were con-— 
aon the ducted in the first instance to ascertain the source of the particular trouble = 
interest in 1 the City of New York, and then remedies were , sought and suggested. Over 

a Period of two years the hearings v went on, and a solution ‘was gradually worked -_ : 
out, 8 80 that, to- day, with a few occasional and rare > exceptions, that nuisance Cs 
in the City of New York is practically abolished. 
th this proceeding the so-called psychological effect of nuisances was given = 4 


consideration. Probably no one went further in holding what n might 


affect the health of the people than did Dr. Biggs in particular case. 
™ matter v was adjusted so » that the Courts cen never had o occasion to laa ee 


— 
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‘ruling, but without doubt they “would have sustained him, par- 


“instance, that a considerable got sore or got any 


disease ; but if the odors , the 1 fumes, s0 disturbed residents that: they lost sleep 


al ‘and that their general health and. vitality was lowered because of this disturb- 
_ ance, this alone was sufficient ground to exercise the health h authority of the 


w whole ¢ case se well illustrates the serious propositions that will 


“before bill was ‘various remedies had existed ‘years. There was 
the remedy ‘abatement in the Courts the remedy injunction in the 
Courts; action for damages" in the Courts ; and the ‘machinery of the Health 


Department for the direct “suppression. of nuisance without: resort to the 


Courts. It is ; thought that in the future the remedies will be modeled on the 
last method, that is, abatement of nuisances through t the administrative powers 


of the ‘State rather than through the judiciary. 9 
The Edgewater r case further illustrated the fact that, when the “present 


A remedies are not adequate, either the legislatures" or the Courts are going to 


- % devi ise some method that will be adequate to control the situation; and the 


tendency 3 in all cases nowadays i is to assign. the remedy to the health authori- 
ties. | - Now, health authorities a are rather uncertain ; some of them n are Ti rather 


; extreme. » One ¢ can imagine that a very serious situation would have arisen in 
the Edgewater case if Dr. Biggs had been an arbitrary and radical Health 
_Commissioner who at once, without proper hearing and consideration, would 
; have endeavored to solve the ‘difficulty by applyi ing the very drastic measures 


a Iti is well t to vemember this—when th the 1e legislature refers to a health authority 
the determination of a question of fact as to whether a certain . business. does 
stitute a nuisance injurious to the health of one people, the determination 


- location of the plant ‘Should be carefully investigated, but the \ whole probable 


_ zone which h might be affected by any of the 2 processes that are proposed to be 


; = wit Further, i in view of f the fact that a future development may make a nuisance 
> out of f what previously was not a nuisance, it seems that, in so far as is ‘reason- 

~ ably possible, a an investigation should be made as to the probable development 
of the: locality, because, once a plant is: established and developed, a situation 

_ may easily arise where the w hole plant would have to be t torn down and moved 


to > some other location, or where the State ‘might have to do it. 


1168 WARREN ON LAWS RELATING TO OBNOXIOUS ODORS ___[Papers, 
a 
4 
7 
al 
a 
_ ; 
§ 
: 


m, par- 
ove, for 
distur METHODS FOR DETERMINING THE ORIGIN, 
of the Ny 
0 
AND: EVALU ATION OF “AN ODOR NUISANCE 
in the Ww Cuantes J A. Hotaquist, Gzorce H. Suaw, L. L. 
on the A, —In presenting this” paper the author h 


rendered a valuable service to the Sanitary Engineering Profession, more 


powers 


fit? particularly to the Engineering Divisions of State Departments of Health © 
present: which are perhaps « called upon to deal with problems of this kind more often — 
going to” than any other organization 1, As indicated by the author, nuisances created — 
and the by odors are among the most difficult problems with which health dential, 
authori- B have to deal, owing largely : to 0 the i intangible and elusive n nature of the subject | 


= 
re rather and to the lack of scientific or ‘standard means of measuring quantitatively the 
in magnitude of such nuisances, The detailed description of the procedure and 


1 Health methods used in the investigation conducted by the author of the alleged 

n, would -muisance: created by certain oil refineries in the a 
oniaiaili be should be very helpful to those who may be called upon to carry a 
similar investigations. The development of the formulas to determine the 
authority — ; magnitude and degree of a nuisance is a long step in the right” direction. 
ness does The value of such formulas, however, would be considerably increased if _ 
mination | numerical values could be e given to intensities of odors similar to those a . 

% han’ astes and odors o water supp ies that are now in general use | by water | 
ble analysts. The speaker of course, the difficulty of doing this. the 
ity of the first place there is no such thing as a a standard nos nose. - 1 No two persons would — 
, probable probably re-act in exactly the same way to the same e odor due not only to the 


sed to be @ Physiological but also to the psychological difference of individuals. In fact, _ 
| an odor that is objectionable to one person may be unobjectionable | and even 


nuisance pleasing to another. Furthermore, all so-called odors are not true odors and 


. ‘reason- do not stimulate the same sets of nerves. True odors, such as artificial musk i 
velopment | and oil of roses, aflet the cells of the olfactory nerves it in the nasal cavity, — 
situation Mhereas ‘sulfurous acid and similar ‘substances have no true odor, but are 


which affect the of the nerves. Other so-called odors” 


soa, view of the vapid increase in the number of industrial dev elopments_ 
ia ‘enters of population, the ever-increasing ‘of sewage, garbage, and 
‘waste disposal plants in this country which are likely to give rise to nuisances — qi 
a .. This discussion (of the paper by Stephen DeM. Gage, Esq. , presented at the meeting 
a. Sanitary Engineering Division, January 22, 1925, and published in May, 1925, Pro- | 
al mgs), is printed in Proceedings in order that the views saaatolaaaaeate “may be ‘brought: ‘before 
| members for further discussion, 
Director, ‘Div. of Sanitation, State Dept. of Health, Albany, suit 
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due to the emanation of of objectionable odors and the grov growing g demand for higher 

_ standards of sanitation, it is evident that this problem - will have to be g given 

"more attention in the future than i in the past and that ; this subject might well 


be worthy | of study by ‘a committee, A great many tests have already been 


made to determine the concentration of different chemicals and other sub-_ 
stances that detectable in given of air, and their relative 


points out ‘ome dealt the of ‘determining 
—t eae cause, scope, and effect of odor : nuisances and has deft the discussion of 

ethods of odor elimination to others. $ Considering the large financial invest-_ 
ments and the great number of persons that are usually involved, remedial 


: phases of the problem in most cases will be very important. The speaker 1 will 
—— to discuss these Phases of the oo from the point of view of 


i fact, it has been the experience wil the New York State Department. of 
‘Health that there are relatively few odor nuisances that cannot: be abated by 
changes i in operation of the want, dr the treatment, utilization, and recovery 
waste products. Very often the abatement of such nuisances results in 
increased financial returns s and s sometimes in more sanitary and hi healthful 


has been the consistent policy of the Department i in dealing with odor 


"resort. . This spirit of co-operation is appreciated by the 
and meets with their hearty response. Recommendations for improvements 
~ have often been carried out with relatively little delay. The: owners of many of 
eS plants investigated have probably felt, and some have admitted, that it 


_ would 1 be cheaper in the long run to make voluntarily the improvements or 


Courts with the possibility that the improvements would ultimately have to 


changes suggested by the Department rather than to take: the question to the 


be made at their ‘direction . The following cases are some of the odor nuisances | 


that have been abated through the efforts of the State Health | ‘Department 
without the necessity of i issuing orders or bringing action in the Courts. —_ 
Carbon Disulfide Works.—These works were ‘situated in a narrow valley 

“i extending in a generally northerly and southerly direction. Complaints were 


received from residents of the valley that whenever the | wind was from the 


dis Gauci of the chemical works very objectionable and stifling odors, fumes, or 


a. gases, were noted and that the fumes discolored paint on houses ‘more than a 
: mile from the works. From the investigation, it was found that the trouble was 
caused almost entirely by the liberation of hydrogen sulfide (H, S) in the 
process of manufac ture of carbon disulfide and that houses in exposed areas 
within 14 miles of the works were discolored, especially those e painted with lead 
paints. _ The carbon disulfide (CS,) was made in the usual 1 manner by passing 


sulfur. vapors through charcoal heated to a cherry red in iron -yetorts. The 

uncombined sulfur vapors were conveyed to iron vessels in which these vapors 
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“were” condensed and the sulfur recovered. Some sulfur dioxide also 
rn escaped when the retorts were cleaned, but this | gas did not appear to be an 


— 


> given 


-apprec ‘iable ‘actor in- the creation | of the nuisance which was caused almost 


er sub- 
relative 
values 


the plant was visited an was made to this 


some of the hydrogen sulfide was probably by 


water and by reaction with the lime in the production of caleium hydro-sulfite : 
(Ca H, O, + 2H, S = = Ca H, S, + 2H,0), this method was not effective 1 in no - 


abating the nuisance and was abandoned. Another attempt was made ‘to elim- 


eee inate the hydrogen sulfide by passing it through a wooden tower packed. with 


emedial lime and i iron oxide, but the tower was found to be too small and the heat of re- 
cer will, 


developed ¥ was sufficiently high to set the tower on fire. Finally, the 
view of 


aus kiln 


diting of two chambers an aie tower operated in series. 
reaction chamber contained a layer of i iron, oxide through \ which the hydrogen -_ 


sulfide mixed with a definite quantity of air, was passed after the oxide had mel 
been heated to.a dull red. caused the reaction H, S+0O=H,0+S 


a ‘take place. The sulfur vapors 1 were > condensed i in n the second chamber of the kiln 

sults er passed 

valthful of through ‘the exit of the third chamber i in ‘the form of steam, ie Some ‘sulfur 


taetal dioxide was carried over with it, but not in sufficient quantities to § give rise to _ 
ai a nuisance. This installation resulted not only in the abatement of the nui- 


abating _sanee, but also in in the x recovery 0 of considerable sulfur which had formerly gone 


to cause a a very ir rritating sensation in the nose 


“and throat was found in the building in which the acid was made, and this 


odor was carried a considerable | > distance from the plant. similar pungent 


 pyroligneous odor resembling acetic acid was also given off from the residue 
“from the acetic acid stills and this odor seemed to carry very much farther 
sana ~ than the acetic acid odor. | When this plant was first inspected it was the atl 


tet fe for the company to dump the residue from the stills on the floor of the still — 


oo | house, shovel the residue into dump carts, and haul it to’ a dump on the water- De gs 
‘ front where it would be left until a barge load or two had accumulated. — This _ 


valley. 
seemed to be the principal source e of the odors. 


ts ‘were 
rom the 
mes, OF in the acetic acid stills w were located, cleaning up “the water- front, 
thana and by installing mechanical convey rors: by which the residue from the stills 
bl e was was conveyed through covered chutes to covered gondola | ears on a railroad. a 
rs the ; siding outside the plant. The cars were removed as soon as they were filled. — 
The scrubber through which the air from the building was passed ‘consisted 
ofa wooden tub about 10 ft. in diameter and 10 ft. high, filled with ¢ coke. 
Numerous sprays of water played continually. on the surface of the coke, and 


A the exit from the se ‘rubber was connected to the stack of the power-house 
a which was about 200 ft. high. Although no waste products were re- > 
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a 


"covered , there was an appreciable saving in the the cost o of handling baal residue 
Sulfuric Acid Plant. —In one plant of this kind against which complaint 


was made, the sulfuric acid was manufactured from pyrites by the contact 
process. Objectionable conditions were created by the escape of sulfur dioxide 


and a reddish dust from the we 
outside the plant. Sulfur r dioxide my to be escaping ree the exits of 
the absorbing towers and was so strong as to be almost unbearable 1 within a few 


nuisance from thins source was s abated by the waste dioxide in 


the manufacture of sodium bi-sulfite. The exits through which the uncom 
a sulfur dioxide from the sulfuric er plant formerly discharged into the 
_ atmosphere were closed, and the gas was conveyed to an adjoining building 
where it was. “passed through absorption towers through which ‘a concentrated 


i: ~ solution of sodium carbonate was circulated which resulted in the production 


Uv. 


_ of sodium bi- sulfite. About 80% 0 of the sulfur d dioxide was absorbed i in _ these 
: _ towers anda large part: of the remainder was removed by | scrubbing the exit 


gases f from the bi-sulfite plant with water. _ The dust nuisance from the py rites | 
poly was s eliminated by spraying the dump with water. Crude sulfur was 


later substituted for the pyrites in the p process of making sulfuric acid. 
_ At another plant where sulfuric acid was made by the chamber process, the 


2 


wee 


>; 


“ac cid was concentrated i in platinum stills. The gases and acid escaping from the 
stills carried for a considerable distance and gave rise to a serious nuisance. 
These conditions were abated by changing the method of concentration and 
by installing | a Cottrell 1 machine a On condensation of the acid fumes, 


carry any from them. Ve ery “pungent odors, however, 
™ given off from the process of boiling or aging the oil. This was done in ; 
covered steam- jacketed kettles in which the oil was heated to a temperature of 
about 350° Fahr. for several hours while air was blown through the oil. When { 
the oil works were first visited the oil v vapors from the boiling baittles were con- 1 ‘ 
veyed | to the breaching of the boiler plant. _ Owing, however, to te -relativ ely 4 
5 


low temperature at this point, and probably also to deficiency i in oxygen, the 


= oil vapors were not consumed but were simply scorched. Although the result-— 
: _ ing odors could not be detected on the premises, they were very objectionable at 

a distance of a mile or more from the works, This, nuisance was ‘abated 


- connecting the vent pipe from the kettles with the firebox of one of er 


seemed to produce complete combustion and eliminate the nuisance. 
Coal- Tar Products Plant a plant where coal-t tar ‘products were manu- 


3° facture 


and Corn: n Products Plant. —In this plant the. corn was cleaned and 
then soaked or steeped with water containing sulfurous | acid for the purpose of — ‘ 
softening the kernels. After the corn was “passed through cracker 
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: mills where : it was partly c crushed and the ¢ germ removed from the body of the 


contact 
‘dioxide seated, to produce corn oil. The corn n from which the germ had 
a dump been removed was. ‘then ground in Burhstone mills, and the mixture was 
ar of washed and passed through 1 fine mesh screens and silt reels a number of times” 

in a few 


‘in order to separate the starch from the gluten and other fibrous matters. ‘The 


gluten and fibrous matters were passed through mechanical sq squeezers to. remove 
‘the water, after whicl 1 they were dried in rotary steam-heated driers to form © 


oxide j in 


gluten feed. starch was settled out in long inclined troughs and then 
into the thied. Glucose was made by boiling starch paste | with mineral acid, ‘neutraliz- 


entrated 


‘on 
duction ‘ture, including sulfur dioxide and sulfurous acid from the sulfur burners and 7 
m these sulfurous acid plant and from the screen and reel 1 rooms. J A peculiar | odor 


he, A number of gases and odors, were given a off from the process of manufac- 


—— : was, also given off when the contents 0 of the glucose retorts were blown into — 
Povtes the coolers. The odor that: seemed to cause” the ‘most trouble, however, was 
alc - discharged from the rotary dri om where the gluten feed and the germ wore 
dried. ‘There were -twenty- two of these driers which were vented into eleven 
the stacks. Vapors approximating 40000 cu. ft. per min., were diss 


rom n the charged from these s stacks. The odor of these vapors although ‘difficult to 


wisance. describe resembled a combination of acid and. organic matter not much unlike - 


ion and J the smell of sour bread. | ‘These odors carried for a considerable distance and —_ 


nes. os ; seemed to be nearly as intense a mile or two from the works as they were at the 
of works. Considerable chaff was also. discharged from | the ‘drier s stacks with the 
seem to a oars large part of this chaff was deposited on the | adjoining buildings and 
— premises, and ‘some of it was carried long distances by the wind. vee 
aone 


ond It Wi as ‘first thought that. these odors could be eliminated by collecting | them a 


ature ure of and p passing: ‘them through large water scrubber. Owing to the structural 


When difficulties involved and the very large sized scrubber necessary to care for the 
“vapors, tests: were carried on with a new type of scrubber. This consisted of 
two concentric cylinders connected by a a spiral plate arranged so so that the va vapors 
ren, the 


would tal take a spiral « course in traveling fi from the inlet tot the outlet while water 

was spray yed mto the space between the two cylinders in such a way as to keep _ 

the surface a; again st which the vapors came in contact wet. ‘The vapors were ~ 


result-— 
nable at 


ated by : - forced | through the serubber by a fan at a velocity of about 5 000 ft. per min. a 

While these tests were being ‘made, an ‘incident occurred which indicated very 
co dearly that scrubbing the vapors by water alone would eliminate the 
manu: 


“Muisance. . One day while observations were being made at a point about a mile 

ly b 7 from, the st starch Ww orks, a very severe rain storm ‘occurred. — In order to deter- 
nph 


Mine the effect of the rain on the o odors, the observer continued his observations 
in the x rain for about 30 min., and it was found that, although the odors passed - - 

d rough a ‘natural mahal scrubber about a mile in length, they were not 


An attempt was then made to “deodorize the vapors by applying different 


7 volumes of chlorine § gas to the base of the drier stack but, , although sufficient t 


orn was applied to be distinctly noticeable a considerable distance from. the 7 


vapors 


& 
— 
| 
“q 
| 
4 
4 
— 
| 
ned and 


LA SHAW ON SOURCE AND EXTENT OF ODORS Papers 


was not reduced to any appreciable extent. This was 


“due i in sates to rte ineficient mixing of of the chlorine gas with the vapors and ‘the 


‘short | time of contact, but largely tot the inability of ‘the chlorine to deodorize 
. Tests were 


was first to the inlet and erate outlet of 


‘the “Although the application of the chlorine gas to the inlet of of the 


bh ‘serubber seemed to have no mar ked effect ¢ on the 2 odors, its application near ‘the 
outlet ‘of the scrubber, but ahead of the fan, seemed largely to eliminate the 


odors, especially when sufficient: was used practically to condense the 


company found, however, that the serubbing and chlorination ot i 
Tange volume of ‘vapors given off from the exits of the driers would involve a 


"considerable expenditure and» would be costly to maintain and, therefore, ; eben 


Sed that project. ie he vapors were finally collected and after passing them — 
through : ser ubbers of the type experimented with, i in order to remove the chaff 

which would otherwise have collected in the conduit, were conveyed to the 


foreed-draft: conduit of t the power plant where they were mixed with about 


200 000 cu. ft. of air per min., and burned. The burning of of these vapors: under 
4 wii avi 4 
the fireboxes of the boilers and the installation of a condenser on the exits a al 
slucose blow- tubes. “seeme sd to abate the nuisance effective ely. Although no 
a _ by- -products. were recovered as the result of the abatement of this nuisance, the | 


‘sanitary ‘conditions around. the plant were improved appreciably, and it is 


longer necessary to employ men to clean up. the ¢ chaff which formerly settled 7 


c a OY Many other cases could be mentioned but a sufficient number have been cited 


= indicate, in general, the nature of the problems involved in abating odor 
Some of the problems are very simple; others are more compli- 


cated and difficult, but most of them can be solved the applies ition 


a 
chemistry, engineering, and common sense. ba 


Grorce H. Suaw,* M. Am. Soo. C. E—As Chief of f the of Hous- 
and the Department of Public Hee of of P *hiladelphi: 1, Ps 


aker has encountered conditions similar to those by Mr.  Gaget 


prc P hiladelphia, with 2 000 000 inhabitants, is one of the largest manufactur — 


o. 4 ing cities in the United States. In many places, manufacturing plants are 
located ‘in ‘close ‘conjunction with residences ; probably the conditions | in this 


_Tespeet are as bad as those i in any city in the country. 


of the serious nuisances is the manufacture of red pa d 
discharged from a tall stack 


the over the neighborhood. "Everything possible was done 
get the ‘management to control this nuisance without success. It 


Proceedings, Am. Soc. BE. , May, 1925, Papers and Discussions, p. 
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finally ‘elitists tile the case to Court and secure action requiring the 
manufacturers to to abate this: nuisance, which they did by discontinuing the 


“roasting” of the 1 raw material i in P es and ind transferring that operation 


it was necessary to institute criminal ratoretnay : Realizing that the law was: 
sufficient to compel it to ‘correct this condition, the company came to terms” 


and d spent a considerable sum of money installing control ‘apparatus to > abate | 


the nuisance. Since then there has been no trouble. 7 - = 


the odors” from open nents in the 
handling of materia al have also been developed by packing house engineers, 

Another nuisance producing industry that has given a great of 
trouble in 1 Philadelphia i is the oil refinery. . Ino one e large refining plant, sulfuric 


acid is is used, Ww which causes a nuisance when it is being eagsenae ——— 


, Th Philadelphia, there is a nuisance | that Mr. Holmquist did not mention, 
“that i is, one due to the manufacture of electrie storage batteries. Ev ven n work- 
leon living close to such | plants, who liked to sit on their porches i in the evening : 
and enjoy the fresh air, could not do so bee cause of the presence of inritat- a 
ing acid fumes given off from the ‘ ‘forming 1 room’ ’, where battery plates ¢ are ¢ 
“manufactured or ‘ “formed” ‘action. The co-operation of the 4 
“company was and satisfac tory was developed. The 
air from the ‘ ‘forming rooms” is foreed by f ans through a condensing chamber : 
filled with stagg rered fluted glass plates, The air, as it is. drawn from = 
‘forming room”, ‘goes through a a ‘tortuous passage, ‘ depositing the acid on the 
glass plates whence it trickles down the fluted surface and is collected at . - 
bottom. A considerable quantity of acid is thus recovered. ( 


It is believed t that 1 nuisances of the types mentioned have an ‘if not 


Beat effect on health and that their regulation properly comes within the 


ice power of a commt unity.” Experience has shown that they can bee cor- 
rected and that rarely is it necessary. to take drastic Court action. 


co-operation with the offending plant usually brings: the desired result. 


L. Trisus,* M. Am. Soo. C. E.—Mr. Gage has brought o out one of the 


Important in considering g odors, namely, the psychological sinc the 
= that may be positively injurious and constitute actual | legal nuisance. | Ve 1 7 
‘his was discussed somewhat i in the speaker’ r entitled ‘ “Odors and Their 


There is a peculiar difference in the effect of is on different oe : 
their personal equation. An odor might well be profoundly disturbing to the Pea 


Cons. Ener. (Tribus & New York, N. Y. | 
s, Am. Soc. C. E., Vol. LXXXV (1922) ror 
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whole nervous system of “some strong man, and, at the 
tolerated by some otherwise weak woman 


- Another condition might be considered. How | Jong does an odor affect an 
‘  indiv idual? Does 8 the e effect continue after the actual atoms have become dissi- 
‘pated, | and memory reproduces the condition ? ‘The speaker thinks that it 
tee that even nausea can be reproduced long after the original nny of the 
odor, if the first experience had caused such a condition. 
ae 
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ELIMINATION: OF ODORS FROM GARBAGE 
DISEI Os AL W ORKS 


By V. Lewis AND I. S. 


Joun V. ‘Lew 18,¢ Esq—This paper brings” out two points of prime im- 


‘portance which must be apparent to every” sanitary ‘engineer who has. been 


concerned with the problem of refuse disposal at some or his" 


The first point is ‘the neal for a collective technical effort nd thorough 

engineering study of this ever- “perplexing and acute problem | which almost 
every growing municipality now faces. With due ‘respect to those who have 


— Dlazed the trail”, it is to be regretted that the same combined effort has ‘not 
- been accorded the disposal of rubbish, garbage, or mixed refuse, | as has been 
given to sewage disposal. ‘Had that been done, it ‘is safe to ) Say that the status 
of refuse disposal i in its entirety would be quite another story. 
second point—and it is really a part of the first one—is that 

regards the control 

of odors, is one of engineering in i broader ¢ sense, namely, ‘the education of 


“the public and the injection of economics, just as much as the pure and applied 


mention has been made by by the author of the Rochester, plant 
“one of the e most approved design and free from. complaint « as to obnoxious odors, 
~ some additional information may be of interest. From 1907 to 1921, the garbage - 
the city reduced in a called modified Arnold plant. was as first 
cooked in large vertical steel digesters, and the resulting mass was then passed 
through hydraulic presses for the recovery. of the grease. Drying: and sub- 
— percolation were not used. - The pressed ‘tankage was sold for fertilizer. 
~The speaker i is informed that the odors emitted from the plant, situated as 
4 was in a commercial and industrial district about 2 mile from the <con tra 
center of the city, were the cause of numerous complaints during | the period — 
of operation. Most s sanitary engineers: are quite familiar. with the ‘diffleulties 
‘Which beset any one who advocates a new location for a garbage or mixed 
refuse disposal works, once it has been previously established. Thus, in 


_ structing the n new Rochester Reduction Plant, which began operation in 1921, 
tee 80- call ed straight Cobw ell system adopted as that which would best 
a 


t * This discussion (of the paper by Samuel A. Greeley, M. Am, Soc. a - presented at 
ra p anecting of the Sanitary Engineering Division, January 22, 1925, and published in May, 
925, Proceedings), is printed in Proceedings in order that the views be 
ought before all members for further discussion. = 


San. Engr., in Chg. of Refuse Dept. of Pub Public Works, ‘Rochester, N. 
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utilized. . This is at the center of the city, greatly 


"influences the haulage and ‘several other important questions. The speaker 
believes | that the success of” this new plant and the failure of a similar "one 


i 
on Staten Island, ‘New York, essentially question of geography and 
economics and not a lack of understanding of ‘the technical side of the 


problem iteelf. he > City of Rochester has the most up-t to- date and s sanitary 

"garbage plant | of its size in the country to- day, free from objectionable ‘odors 


which may may ‘be the source of formal ‘complaint. | a here is a ‘constant endeavor 


to exercise technical control of the process used ; to reduce still further the 
slight ‘odors which do exist ; and to place the collection system and ‘the | plant 


q on an economic business basis. a an attitude and effort were intended by 
those responsible for the inception of the new system. 


As Mr. _ Greeley has pointed out, the ¢ control and possible elimination of 


disposal works: at ‘the pail itself, 


incineration and reduction are used, every effort to 

Yaw material i in ‘its fresh state and with the least water content means b better. 

control of odors and a reduction i in the operating costs, both as regards ae 


and method of final disposal. 


1 and disposal of mixed refuse or garbage can 


sewage, the problem will be nearer to a ‘satisfactory nie 


Be M. Am. Soo. C. E. —In his paper on the of odors 


1 


methods of types. of the and of are 80 
interrelated to require consideration of each. at 


If the most desirable solution from a sanitary standpoint is — 


Phases: of the problem must be considered. author indicated that the 


selected, and that the choice a plant emitting odors requires an ‘isolated site, 


- _ whereas one free from odors may be nearer the center of production. Too little 
a “attention is given to the selection of the type of plant which can be erected i in 


att the 
a central location when ‘other factors enter and appear to dominate or r control, 

Bs “” such as length of haul, or cost of delivery « of the refuse, and possibly ownership 
the site where the right to operate has been established. >. jr 


‘Two | cases of this kind have come to the ‘speaker's attention recently. In 


9 one case, the accepted location increased the cost of haul by $30 000 per year 
over that of another available site, although the site selected had no adv antages | 


m4 in its surroundings | over the one rejected. In the other case, a site te outside the — 


city limits was selected and by s doing the hauling ‘eosts were increased 
approximately $50 000 annually over what would have obtained if another 


site had been chosen. In each te type of plant adopted was 
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FROM. GARBAGE DISPOSAL WORKS 

greatly | that it be in “many locations without odors and 
_ In many cities, the ty; pe of disposal plant is selected before a site has been’ 

hy and chosen on which the plant can be located. | _ However, the plant at Rochester, 

of the N. mentioned by Mr. Greeley, Was § selected by a method directly opposite. 
anitary The City owned the site and selected the type of plant to meet its surroundings. _ 
oO 

” odors No other reduction plant is so So well situated fr from the standpoint of cost a 


her the _ The author’ 's statement* with reference to the location of of a reduction et 


plant in isolated places i order to lessen the necessity for odor control is hardly 


ded by, | "supported by the facts. ° There is not a reduction plant disposing of garbage 


in an isolated location, and causing odors, to which those in the ee 


itself, There are, no doubt, fewer due to the smaller number of people 
m n the affected. > In some cases the few tolerate the nuisance rather than assume the __ 

establishment of districts under a zoning law, where odor- ‘producing 
sb ‘industries may be located, is done to > proteet property and industry. If plants, - > 


haulage 


such as packing houses, ren dering plants, and garbage disposal plants, ar are 


“pemitted, it is done to protect the industry. as well as. the public and not to 
perative legalize a nuisance from plants pr oducing odors which may y be eliminated. 7 


the Court rulings which have been made there is a a question whether, 


ment of 


stage in Ih | discussing incinerators, the author states that “ample combustion and» 
> 


atment, -dust- settling chambers” should be provided, and that “satisfactory incineration 
| are over: a number of years calls for durable construction with | properly ‘designed 
furnace structures to stand the relatively hard ‘service.’ 
Some of. the ‘fundamental features that ‘should be in 
that the “design to give satisfactory ser vice are, as follows. 


‘Temperature. —The furnace should be designed so that a uniform tem- 


perature can be maintained when burning material with low heat value and y: 
high: percentage of moisture, with assurance of temperature at all, times 


sufficient to obtain complete ‘combustion or oxidation w without part of the 


the 

ted 
‘00 little 
00 little 
ected in 


mnership § Puel—T he design should be such that material containing a small quantity — 


of combustible matter and a high percentage of moisture will burn without w 
using additional fuel. This can be accomplished only by utilizing at maxi- _ 


Tum efficiency the heat | developed in its operation. di 


per year 
vantages: 
side the 


| Maintenance ann he cost of the maintenance of furnaces will depend on 


their design and the incorporation of features calculated to give proper protec- 4 


nereased tion under severe service. design should permit of performing mainte- a 
another “nance work without ysis te other parts of the furnace not in need of such 


* Proceedings. Am. Soc. 
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from with temperature developed to a maximum. 


Draft.—The design should insure all parts of 

balanced as to d draft, including the furnace chamber, combustion chamber, 


Sim plicity. —A furnace for burning refuse adapted to om service for which 
- is intended, as well as | the class of labor to be employed, and the material to 


be burned, should be simple i in design. 

Combustion. —Furnaces ‘to insure proper combustion, should have: 
(a) Ample space for the of carryi ing 


large quantity of hydro-carbon. 

(0) Maintenance of steady high temperature in the fuel bed and in 

different parts | of the furnace chamber. 

na (c) An adequate air supply, thoroughly distributed at the point where 


(d) Charging of the furnace and the manipulation of the fire without 
_opening the fire doors or charging doors. 


mo) ‘The maintenance of a fuel bed on the grate whereby a variable 
quality of material will not influence the combustion or cause 


: 
, «Re (f) A high rate of combustion for maintenance of temperature an 


Pro-Heating Forced Draft.— —The pre- -heating of forced draft air aids in 
“combustion by supplyi ing heat, ‘thus permitting t the burning of a lower grade 


of material; and, due to the expansion of the air in pre-heating, it permits of 

better” distribution and, at the same reduces the air that would 


Structure. withstand the heating and cooling of the farnaee, 


well. as to take. care of the stresses developed under high temperature, 


 farnece should be designed as a structural unit with all the stresses that : are 
developed in it taken up by the structural parts, the brick housing 
installed for refractory and insulating purposes. 
‘The author’ a table of analysis of with 


combustible materials will ‘oxidize and be destroyed without producing 0 odor 


maintain a 4 940° ahr. At this “temperature, all gases es oF 
= nt furnace, however, operating under vari able conditions, such as charging 


cleaning, will not hold a uniform temperature. The usual practice: 


4 h temperature furnaces is to ‘maintain ‘a temperature higher than 


4 =. required i in the combustion chamber so as to insure that. t the x mini- 


mum temperature will be sufficiently high to guarantee complete aes 
_ The burning of mixed refuse in incinerators will i insure better results mi 
the burning of wet organic waste, which requires a large quantity of additional 


fuel. Tt: should be for r any city to burn only organic 


* Proceedings, Am. ‘©. E., May, 1925, and P. 840. 
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OSBORN ON ODORS: FROM G ARBAGE DISPOSAL Ww ORKS 
Ww ith « a mixed collection of rubbish and garbage disposed of by incineration, 
in which consume the mixture at high temperature, the odors, with 
proper ti treatment in collection, storage, or combustion, will be ‘be prevented. —_ 


Inve estigation of plants waste (kitchen garbage) and using 


ci 
all loss 


8 
large quantities of additional fuel will show that there is a tendency to 
sailed ‘economize on fuel at the expense of operating with odors due to — 
Rey erting to the question of odors, there are certain fundamental considera- 
‘al ae tions ; which should govern the design and operation of disposal plants, varying, 
iy 
‘The adoption of ‘preventive methods will prove more ‘satisfactory than the 
a dimination of odors after. they are produced. ~ Such preventive methods | are 
arrying applicable | to all kinds" of garbage disposal inclading feeding, dumping, burial, 


a study made. of the ‘eneficial results. which _ have ‘heen, The 
results obtained and the dev velopment 1 made should not be confused y with the 


failures ‘resulting f from neglect to apply existing knowledg e, 


‘The greatest criticism of present practice is that | engineers are not using 
a! 
experience gained, but continue ‘to follow ‘obsolete m methods. When the 


best known practice in “desi n and 0 neration of dis osal plants irrespective of | 


the type or method is applied, more satisfactory results will be secured and ‘ 


variable 


continued improvement will follow. Study will show that to » dispose of 
er grade utisfactorily and i ina ‘sanitary manner, without tS odors, the cost will be 7 7 


higher either in. capital investment or operation, or both. | This | will apply to 


ractically all meth ds of disposal 


Probably x no perce branch of municipal service has received so little real | 


rmits of 
at 


Pai study to determine the results that can be obtained or the improvements that Bs 

an be made. officials and engineers look on the problem as one to be 


side- -stepped. many instances question is considered from what is. ‘ 
as sumed to be an economic standpoint, the selection of type of plant or ed 


that are 
ng ne being ; 


of disposal being based on the least possible capital outlay. 
# The sanitary engineering problems of municipalities have received study _ i 
f rt ane and i improvement and gradual development have been made. WwW hen municipal | 
uel | 


officials and the Engineering Profession realize that the of garbage 

ina sanitary manner is a function requiring study, and look on it with the 

‘ame interest as they do on other municipal. problems, improvement will be 4+ 


When ‘the | is considered from this viewpoint ‘plants will 


gases or 


- that bn constructed and operated which are free from odor, , and there will be “ 
7 
the mint ments in design and operation from every standpoint. 
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OM SEWAGE TREATME NT PLANTS Rs 


By Messrs. Morris M. Coun, , C. Keerrr, C. G. ano T. 


Morris M. C JOHN, Esq.—' The subject | of the control of odors from 


plants has always been one af vital interest to those. associ iated with the dis 


posal of the city sewage at Schenectady, N. Y. The treatment plant was 


turned over the ‘City and operation ‘commenced in January, 1915. The 


" odors arising from the untuned Imhoff tanks, trickling filters, and pen 


beds caused several property owners in the vicinity of the works to bring 
suit against the » City to restrain it from o operating ‘the plant. .. The complaint 


aif 


stated an action for an injunction with fee damages, in view ‘of the “ exceed: 
ingly disagrees ible, obnoxious and unhealthy odors? wafted to. ‘the vk aintiffs’ 


lands, about 1500 ft. the plant site. The action was" begun in July 


and tried i in November, 1 1915, Many lurid descriptions of the horrible odors 


in question were presented by ‘witnesses. One day during the ‘trial the Court 


and attorneys visited the plant. cold weather had caused a cessation of 


- intense bacterial activities in the treatment units and no odors of any k kind 


were detected at a distance of less than 100 ft. It was the opinion of the 
} Cc ourt that, it had not beer n 1 shown, that the City could not run the pl ant with- 


out nuisance in the future and an injunction was denied. a Fee damages were 

not ‘allowed as no injury to health or no expense had resulted from the period 

of “nuisance. The Court, however, advised the plaintiff that action 

would be entertained if a repetition of such nuisance 

“ee Thus, at the beginning of 1916, a , grave | problem confronted the City. On 

the ability. of the operators ‘to control the odors from the plant de} pended 

a the life of a an installation that had ¢ cost approximately $500 000. . The he Success 

‘tet has resulted from the intelligent and careful manipulation of tl he treat: 

ment units is best shown by the fact that no formal complaint has been 

“lodged against the plant in the past nine years, although most of those who 

- signed affidavits of avowed nuisance in 1915 are still residents | of the district 

which the plant is located will be interesting to note the conditions 

existing at the treatment works at the present time. 


Sewage— —The crude sewage that ¢ comes to t the plant i is 


+ This discussion (of the paper by John F. Skinner, M. Am. Soc. C. E., — al 

e meeting of the Sanitary Engineering Division, January 22, 1925, and published in May, 
1925, Proceedings) is printed in Proceedings in order that the views 

brought before all members for further discussion. _ So 


$ Supt., Bureau of Sewage Disposal, Schenectady, | 
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200 parts” per 
‘The sewage is fresh and an ‘of. 
solved oy About 65% of the total flow treated is ‘pumped at a station 
“about 2 ‘miles from the works and little, ifa any, ny, unbroken feces reach the plant. 
The odor of the liquid is soapy and has no tendency to become disagreeable — 


unless the flow in the trunk sewer is greatly diminished and the sewage takes 7 
“on'st stale characteristics on its way through the conduit. Whenever. the pump- 

ing ig station is not in full operation, the flow i in the trunk sewer is maintained _ 
cutting in a 24-in. _ line that ordinarily is by-passed to the river because 


fad the inability of the plant to handle the entire sewage flow of the City. pci . 


‘Bar Rack.—The crude sewage is + passed through a stationary ¢ coarse bar 
“rack that is removing on the average 3 cu. yd. of wet trash per day. Sin rf. 
screenings consist of rags, waste, paper, and all forms of f garbage, which are ee 
of | ona a dump. It has been found that this deposit gives a die- 7 


tinct. odor of. garbage in the spring when it begins to dry out, but. when 

_ dried it smells only like humus. — In order to overcome this putrefactive ten- 
Fe the deposit is spre ad, covered with dry hypochlorite - lime, and = 
“composted with sand. The odor is thus controlled with great “cer ‘tainty. 
Present plans call for spreading the trash in the field and periodically — 
Imhof Tanks —After passing the bar rack, the sewage flows" 
piping and submerged shear gates into the dimentation -compart-— 


ments of the Inhoff tanks. This me method of influx now replaces the old open a 


: influent channels that ‘exposed the se sewage to the air and retarded the velocity | 
of flow to } such an extent as to produce a deposition of solids in the invert. 
* Overcoming this possible source of of odor has done much to improve the sanitary | 
The surface of the tanks are kept clean. at all times by skimming, and > _ 
“the solids thus removed a are thrown into the gas vents and hosed. The v water i. 
: ‘supply, of Schenectady | contains about 160 parts per million o of hardness and : 
produc great. quantities: of insoluble soap curd that float on the tank 


faces, -. his | grease h has a a tendency to give off a rancid fat. odor under summer 4 
heat and great care is taken to skim off this material and to hose the sedi- = 
mentation compartments frequently. concrete surfaces and channels are 


‘ine screens of 3-in. “mesh ‘placed the effluent t 


weirs of the tanks and 
auxiliary: screens of 3-in. mesh placed in the effluent channels leading to the ; a 
‘dosing tanks prevent much solid matter from passing over to the filter stone 
old influent. channels now act as effluent earriers, _and, therefore, one 
Set of such channels is always out of service and ‘filled with stagnant sewage. 
LG Metal flash- boards are p placed at the dead weirs to keep floating solids from 
blown into this’ quiescent liquor and there putrefying. In summer, 
iad there is a tendency for this stagnant sewage to become stale, and, therefore, 
4 flow i is reversed once each week to avoid wa ned for Septization and the 


consequent: escape of sulfide gase fat 
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COHN ON AGE E TREATMENT PLANTS 


drawing period. The first hosing of the produces a sour odor that mie 


be caused by the fermentation of the great quantities of mash that clog the 
gas vents, but ‘subsequent hosings result i in n only a a slight tarry, odor about the 


tanks. — A phenol- -derivative disinfectant ° was used with some success to offset 
_ the slight 0 odors produced, | but the cost proved prohibitive. « The gas vents 
been raised by means of wooden chimneys, ft. high, closed with hinged 


covers. _ This retards the foaming over of the scum into the : sedimentation 


compartments and prevents the dissemination of scum n odors into the air. a 
Dosing Tanks.—On passing into” the dosing tanks, the tank effluent spills 


over three 30-ft. weirs and cascades = steps that break up the liquid into 


‘is driven with -in. stream of entire sludge- 


a a thin film and spray. Contrary to expectation, no distinct odor, exce apt that 


» 


of fresh sewage, has ever ‘been detected at this point. - ‘The agitation has a 
‘distinct | advantage. Tes ests show that there has | been an increase in dissolved 


oxygen saturation of f more e than. 40%, produced by the action of the weirs and 


steps. would appear that, given fresh, weak sewage, the greater the 


agitation, the les less the tendency for septization and the production of of odors. 


Slime and grease e foam: coat the walls and appurtenances of the siphon cham- ; 
ber and are hosed as soon as the characteristic musty odor is detected. E* sw 


Filters. —The oxidation effected by the dosing tank the 
lee of the filter area. Tests have further shown that there is an increase in 
a dissolved ¢ oxygen in the tank effluent affected by the filter distribution piping 
before the liquid leaves the o orifice "eS of the nozzles which increase often ented 
a The black gelatinous growth on the stone surface gives off no odor except 
when the beds are cut out of service, , but this has not been done in two years. 
od a Hypochlorite of lime was used successfully during the summer of 1924 to 
= the development of Ps ychoda. This chemical removed much grease 
from the nozzle spindles ‘and some of the gelatinous growth on the stone sur: 
face. experience use of bleach on t 
Sludge ‘Beds. —Great « care has been to all ‘unripe sludge 
the drying beds. Small beds, designed to drain. the sludge force Tine, 
fo for draining test quantities of sludge, as any tendency for the material 
‘ 4 to 0 give off odors can ‘easily be controlled on the few square feet of these areas. 


 Conelusion. —All sewage plants have slight odors that are noticeable at 


the site to the trained observer, and the Schenectady installation is no excep 


tion. Odors. at the plant ar are of i inconvenience only to ‘those on duty there, 


‘but the same e odors when ¢ carried off plant property are of interest * the 2 


‘public. — The prevailing wind at Schenectady blows over the plant in in the diree 


tion 1 of | habitation only 1 000 ft. distant. The topography does not deter the 


transportation o of odors; little obstruction iss set up by trees. Thus, the absence 
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KEEFER ON ODORS FROM ghWaGE ‘TREATMENT PLANTS 


vents 


of complaint is sufficient proof that the plant is functioning without the pro-- : 


duction of such odors as would | be carried beyond city property. 

dat 2 may ., Most odors reported from sewage plants have little to do with the olfactory 

senses. They originate in the brain and are a result of over-active imag- 


bout the ination. It is indicative of the prejudiced opinion ‘the public has of sewage > 


to offset plants: ‘oa so many express sincere surprise at the beauty and freshness of 


as vents the sewage plant grounds and of the clean and inodorous condition of the 


h hinged treatment t features. If any particular installation is functioning ng properly, 
entation the e speaker would ‘recommend that an invitation be given all taxpayers to 


ar, . visit the works. In no other way is it possible to combat the disgust: 


nt spills most laymen have for things related to the disposal of the ‘liquid | wastes of 


E. Keerer,* M. ‘Soc 0. wie 4+—The : sanitary engi- 


mn has a 
ial pa is beginning to realize more and more the importance of controlling the pire, 
d rs from sewa e treatment ‘he necessa not aa to ‘reduce ie 
ater er the ar 


‘contamination and the pollution of natural watercourses, but also to render 
J 
uf ‘odors. “the air - which one breathes | pure and wholesome. This awakened consciousr 
a the engineer: ‘is brought about by at least two factors: First, the publi 


is demanding a more hygienic and satisfactory environment: and, secondly, 


omes the “the engineer himself i is continually striving to advance the | science of sanita- 
- nozzles _ tion. . For a number of years he has had at his disposal a any one of a 1 number 
d to the of types of sewage treatment that would produce effluents to meet different 
rease “chemical and bacteriological standards. However, it has been only within 
n piping ‘the past few years that the » problem of the control of odors from sewage work _ 


amounts | has been treated and discussed before engineering ‘societies. » In addition to : 
_ this, little practical work has been done. As regards the ec control of odors, 
sewag Ww 
ge works are bei being designed almost | to-day as they 
1924 to The re reason for this condition ; is not difficult to understand. * The inherent a 


h ‘grease “nature of sewage is such that it will produce an odor and, under many ¢ con- _ 
one sur-— ditions, an unpleasant o one. a Furthermore, during ‘the course of treatment, 
iblesome the sewage is exposed. to and an excellent opportunity is 

ti afforded for the escape of unpleasant gases. _ One reason odors of any kind 
ge e from are, so difficult to control is that little is known about them. As ‘yet, it has 
ine, are hot been determined definitely whether they are present in “the gaseous 
material the liquid Phase. _ However, ‘the former assumption seems to to be th correct 
‘one, Moreover, there is ‘satisfactory way to measure the degree of a an 


~ odor. % Not infrequently such small quantities of a substance have to be present: 
to produce an odor that it is difficult to make any ‘scientific study of the sub-— 
ject. Until s some these difficulties are 
the Phase of the odor and establishing some standard by which odors can be 
-‘Measured—the engineer or scientist be handicapped in their control an nd 
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the available data are limited, however, ‘still be made tol 
reach a: solution—even if it is a partial one. ¥ In the realm of sewage treatment 
much can be done t to relieve the | situation, as Mr. Skinner has ably pointe! 
out, although such relief will not necessarily be complete. It j is often possible 

~ to locate the sewage works in a sparsely inhabited district so that few people 
43 rill be affected, to select that type of treatment which will produce a minimum 
of odors, and to pay particular attention t to the details of design so that there 


be reduction in aerial nuisances. . However, with the greatest car 


to design and operation, a sewage works consisting of ‘sedimentation 
- oxidation units of any appreciable size will produce odors that will vary 


Not infrequently persons living in n the vicinity of sewage plants ‘will seek 
redress | through the Courts, for damages. Such has been the experience of 


a large ‘sewage of which the writer has knowledge. Since this plant 
was s first put in operation, approximately $100 000 has been paid for damages 
j ~ caused i in part by obnoxious odors. Thus far there seems to be no ) satisfactory 
and economical solution for this problem. — ~The actual area of the various 


treatment units covers several acres, and even if the odors coming from ‘the 
sewage could be collected and coche successfully, the cost of the undertaking 


Baltimore, Md. —At the | plant a careful 1 study 
made by those in close contact with the work has led to the belief that ‘most 
of the odors” come from the preliminary settling tanks. After these tanks 
have been in s service for a’ short time, a heavy scum forms, which | h gives off 
a strong and penetrating odor. ” If this odor could be eliminated successfully, 
, Vith this in mind a series of experiments 1 was begun in the “summer of 
py which ccnsisted in treating the sewage 2 gases with chlorine. One ‘of the 
vd preliminary settling tar tanks: used for this experiment. tank, which 
treats, the sewage after it passes ‘through bar screens, is approximately 420 ) ft 
long and 103 ft. wide, with a \ working depth of from 9 to 14 ft. It has a 
“capacity of about 3800000 gal. with a detention period of approximately 


Bb 5 hours. The tank is divided into two compartments. oe he sewage, usually 
ie in a stale condition, first enters the smaller compartment, which is 105 ft. 


‘dong, 103 ft. and from 9 to 11 ft. deep. compartment, was 


OW! er 


‘sew age ‘ 


gases into bailing. thence the blower. he “chlorine 
* oi was applied to the discharge side of the blower which was connected direct to 


one end of a “wooden conduit, or flue, 100 ft. long and 2 ft. square. This flue 


entered the second building, where an observer could study the treated odors. , 


The quantity of chlorine used was varied from 5 to 15 Ib. per 2 24 hours, 
ork and the volume of g gas treated from 630 to 1480 ¢ cu. ft. per min. A ar. , 
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opposite ends of the tank, two small wooden buildings were erected, one 
of which contained a chlorine control apparatus. ‘There was 
connection from this building to the air space between the top of the 
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age 


2 made toe of test runs were made k both w ith the gases | from sewage and from the sewa sew 


treatment sludge. The t tank was operated for a number of weeks as to produce 
¥ 

ly pointel me 2 thoro oughly septic } condition and a more intense odor. In order te to ascer- 

mn 2 possible tain the difference between the untreated and the treated gases, the - observer 
few peopl first went into the building i in which the blower was stationed ; after observing 
minimun the odor, he went into the second building into w hich the treated gases_ were 


He e, he was able to isolate himself from the odors comin y from the 


atest care various ‘Parts of the sewage * works, ‘and thus. breathe | only the treated ga gases, 
mentation which were being blown from the interior to the exterior of the building. 


‘will vary Observations Made. of the most noticeable characteristics of the 


untreated gas was that it no longer had the characteristic smell of sewage. 
hae 


The odor was considerably less objectionable. Perhaps covering tank 

and excluding the sunlight played ‘part in this new condition. Another 

interesting change | was that little scum formed on the surface of the sewage. 

This latter condition | hai prevailed during the warmest: ‘summer months up = 


tothe present time, 
ue Observations of the chlorinated gases were made by a number of persons, — 


and various ; opinions were. expressed as to the effica acy of the ‘chlorine. Sor ne 
held that it improved the odor little, if any; others thought tha that it practic ally _ 


‘seek 
srience of 
this plant 
damages 
tisfactory 
e various 
from the 
dert taking 


and contended that the application of the chlorine v was 
but that it had not fully corrected ‘io condition. No definite conclusions 
“were reached, Additional experiments will be conducted during the summer 
of 1925, when it is hoped that more » definite results will be e obtained. a 

One of the unfortunate things in connection with any experiment on 


; ‘odors is is that there i is no satisfactory standard or unit by which they can be - 


eference 


mee asured. There Ww will often. be a diversity of opinion with: re 


mmer of 
ne of the 
k, which 


to any particular odor. For this reason, any conclusions that are: reached, 


will lack ¢ a certain definiteness and finality. | However, the - experiments con- 


— 


at Baltimore are. felt to be. the direction, and will probably 


h increase interest in the elimination of odors from other sewage plants. If 7 
tests this character could conducted at other places, additional data 
| be available from which more definite conclusions could be formulated. 

3 105 ft. C. G. LESPIE,* {. Au. Soc. E. (by letter). t—It i is significant of an 

covered important exaction in the higher standard which the pt public is setting 1 up 
vir-tight. regard to clean surroundings and clean air, that all the papers presented before 
ted, - - the Sanitary Engineering Division at the meeting of January 22, 1925, ‘relate _ 
to odor problem associated with and the disposal of putrefying 

p or W 


the of the imposition of expense “ultimately falling ¢ on “the 

whole public, is opened in the engineering | control | of odors. In admirable 

ashion ‘Mr. Skinner presents his own observations and directs engineers to 


Seek out the principles affecting the behavi ior of odors so ‘that ‘efforts at control 


yen 


- liming ated | any unpleasant | odor; and s still others took an intermediate ground 
material benefit, 


¥ 
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tis 
in 
| 
ful study Ble, 
that most 
ese tanks 
gives of 
cessfully a 
— 
* 
chlorine — 
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sources exist those from other s sources, This ‘alls for 


siderable isolation, a condition not common in o or near metropolitan areas, 

‘Then, too, local temperatures, air movement, variations in the sewage, ‘ind 

‘= condition of works, and exactions of the neighboring public, will color 


the absence of guide to isolation requirements for sewage 


plants i in California, ‘studies were begun i in 1923, to ascertain the odor zones 
around a a number of existing and typical plants. _ This was done by procuring 


a map of the particular | locality showing the homes, Toadways, and landmarks, 


e and establishing on the map a number of points surrounding the disposal plant 


or area, | at which points odors in noticeable degree had been experienced by 


‘residents. Corroboration o of experiences is nearly always possible along public 
i roadways. The extent of odor travel found from these tests is given in Table 
=~ and a typical nuisance map showing a survey for odors, in Fig. 1 Su oe 
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SEWER FARM AND VICINITY 


Scale in Miles 


: rue. In California, a at lee xt least, the observations indicate that odors are most annoy- 


ing in the summer and in the « evening. __ Daytime inspections ‘are invariably 


odors at evening travel many times as far. There is a noticeable tendency 


ae negative as to -odors, except at most within | a few hundred feet, whereas | 


for ‘odors: to confine: themselves to. narrow. invisible ribbons of — uniform 


s 


= 


“= af 


5 
— 
— 
q 
; 
— a 
ail 
— 
q 


eSemes 

pues aSemos 
yood 

aZBMOS 

A MOS O1SOULOG 

@BBMOS 


alk 


SBAITVS 
HUB} 


q 


4 


aS 
Tor 


Zinqsza1y 


Be 


TREATMENT PLANTS 


ad 2920 


4 


S 


**UBIOIIOD 
Aespur'y 


yee 


sssss ss 


10:19 S20 


ondeg 


esoy 
* GION) O1ABOBA 


@ BSSLRSSEBE 


‘| 


= 


Seow 


te} 


SSSS 
wy 


re 


SRE 


| 


| 


N ODORS FROM SEWAGE 


oF 


? = 


ESPIE 0 


GILL 


€ 
y 


le 


ind | 


vill co 
tks, 


ar 
1 plant 
db 


sewa 


> 
Tab 


rocuring 


ndm 

ig public 

in T 
ereas 

ndency 


sa 
once 
vh 


lus 
— 
Piast 
= 
— 
— 
| > 


GILLESPIE ON ODORS M SEWAGE TREA TMENT PLANTS apers, 


“intensity stretching out for as much as 


d 


especia 


eewa rd, as 


The quantity of organic state e of decomposition, and the time 


ors area exposed to the air before it dis sappears: in the ; ground o or is ; stabilized, 
markedly affect odor production. _ Cannery and creamery wastes, perhaps the 


most prominent | “industrial wastes i in C California, produce exceedingly strong 
¢ odors. The | waste from a modest plant is equivalent in its organic mi utter 


to the sewage of large city. Odors correspondingly intense in all the 


“cases 0 observed. Gas- house wastes impart a heavy but disagreeable odor in 


8 sew age, reminiscent of moth balls. | 
a: The sulfates in sewage sppear to have a marked effect on the production 


of odor through their conversion to hydrogen sulfide. - Along the outfall sey sewer 
El] Centro, Calif, sulfide odors emanate from the manholes. Sulfates 


F in t the 3 mile outfall drop gr adually and unifor my from 330 parts per million 


7 a mile below El Centro to 160 parts per r million at the Tn Imhoff tank, and 155 
per million | in the: tank effluent. Iti is curious to note ‘that the ‘sulfate: 


Se are “reported to accumulate i in this outfall until it 


; becomes nearly choked. Application of copper si sulfate at the head of E the outfall 


"destroyed and loosened the growth, allowed it to float down the outfall, L anil 


At Coalinga, Calif., where ‘the sulfates in the water supply have | 


“mated 1000 parts per million, a crust of precipitated yellow sulfur has formed 


below the water line in the outfall sewer beyond the septic tank and th the con- 
crete of the tank itself is practically destroyed , probably d due to the attack 


* associated acids. At the outlet of the tank intense odors of » pure hydrogen 


sulfide are given of 


” ieee eae mains between pumping plants and sewage treatment works of 
towns in California contribute noticeably to the production 0 of odor or 
n that over- size pumps must be ‘used to prevent clogging and pipe 


‘ion of 


f 

tains * length, — the : sewage not only ages as much as 3 or 4 hours in them, 
out becomes charged with  putrefactive gases given ven off i in the 8 sew er. 
. For the same reasons, fl anholes h ave 
| depressed bottom ostensibly Pe intercepting sediment, have intensified the 

_produetion of odor ‘The writer’ ‘experiences with high groves of sheltering 
a 30- ft. levee, is that these barriers failed to confine the 


dors. One with the housing of sewage treatment was not 


at Tos 


— 


190 | Pay 
4 
fil 
trong winds, of course, dissipate odors rapidly. Low, gentle breezes, 
2 7 64 in the morning and evening, tend to shift the whole body of the su 
if nuisance zone onlv slightly ndicated by the relation of maximm od 
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a 


shift filter as to interfere seriously. with its results. The housing was opened and 
ne. Tigh the plant subsequer tly abandoned because of ithe odor annoyance to neighbors. 


e breeze i! Experience at Dinuba, Calif., where a sprinkling filter and Imhoff tank 


dy of the superseded a septic: tank and aides’ farm, tends to show that the zone of 
maximum odor was practically the same in both eases. 
es es to sek As to the ac tivated sludge proc ess the writer has made observations on only 
_ “id two ) plants, at Lodi and at Pasadena, Calif. ¥ The Lodi plant treats the sewage 
the time . of a town’ of 7 500 people, including | gas- -house w aste, and in summer also the 


stabilized, | waste from a | 50- ton peach and tomato cannery. a The sewers in Lodi are laid 2 


rhaps the on extremely flat ¢ g rades. Sludge is spread on sedimentary soil overlying hard- oan 

ly strong pan and w is plowed under as fertilizer. Odors are not 


-- 
all the feet from the plant or from the area. a. Returning the \ 


—o - the e clarifiers to the sewer ahead of the fine sere en, lessened the odors in the — 
roduction * ‘The Pasadena plant treats a strong domestic sewage for a population of 
ie asia ane 100 000. ~The worst fault of this plant is that it is undersized for a rapidly 


_ incre asing load 1. Odors s, howev er, were not a factor bey ond 1 000 ft. or more, © 


“until deep lagooning of sludge Ww as tried. 
There seems to be a singling o ut of sewage for by the 
at “neighboring public, probably through the old fear that sewage g zases are 
sultate- 
dangerous to health. It s seems to the writer that the public needs to know that — 


z sewage odors.are merely a nuisance, more or less annoying and discomforting, 


Sulfates 
million 
and 155 


he outfall 
fall. and ‘different from the odor from corrals, pig pens, factories 
fertilized fields, and the like. In equity, although one may be more intense 
— | or more widely, annoy ing g than the others, they are all nuisances differing only 7 
approx: in degree. Unless tl there is considerable tole erance and this. noticeable 
ormed @ for cleaner air proceeds prudently, a financial burden altogether too heavy 
‘the - 7 may easily result. In the final analysis the expense » shifts to the whole public. 
1€ > attack porta easily become inimical to the b best public interest. OA real odor 
hydrogen nuisance generally depresses. property values. Tf the total cost of abating eat 
nuisances responsible for particular damage even approximates the 
works of estimated damage, it seems logical that correction of “the odor is is in order 
odor for ; and this prine iple may afford some ve ins wed judging the merit of a proposition 


and to con 
Cran JKLEY Harton, Am. Soc. C. E- Che speaker would like to 
cha enge one e statement+ of Mr. Skinner, in which he s says a 
=e “Lagooning undigested | sludge is likely to produce odors, for either scum 
_. | will form or there will be insufficient water to cover. the —_ which —. 
les have -Putrefy and give off odors. ro 
ified the pes, ‘In general, lagooning should only be | adopted i in winter or in remote loca- a 
tions w here no nuisance will be occasioned to neighbors.” 
ifine the At Houston, Tex., a nuisance has not resulted from the lagooning of acti- — 
was not ated sludge either i in winter or in summer and little or no scum has formed 
Los on the surface of the liquor after some years of operation, 

tings, Sewerage Comm. Milwaukee, Win 
inking * Chf. Engr., Sewerage Comm., Milwaukee, Wis. 
Proceedings, Am. Soe. C. fay, 1925, Papers” nd Discussions, 
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ATTON ON ODORS FROM SEWAG 


‘daw At weal sewage treatment: plants in England, visited this ‘past summer 
(1924), undigested sludge was Jagooned \ without a nuisance 
= : which might be considered detrimental to the surrounding neighbor ood. The 
large and n numerous digestion tanks | at Saltly in in the Manchester slant, which 
a: contain highly concentrated undigested sludge, could not in July be termed. 


‘ ffensive judged from 200 ft. away “especially after the formation of the heavy 


ait? Tes is doubtless true that while the undigested sludge is being transported 


one tank to another, the sulfuretted hydrogen. escapes. and creates an 
objectionable odor but when tl the sludge becomes « quiescent: the odors arising 
from its decomposition, when i in the ' Presence of water, are scarcely perceptible 
al 
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THE DET ECTION | AND ELIMINATION OF OF ODORS FR RS FROM 


ae 
| 


Loomis,t Esq. (by | letter). carrying moet of of the suggestions 
made by ‘Mr. Wes eston, ‘the writer feels certain that “sanitary engineers will 
meet with | hearty co- operation from the oil industry. In fact, in the largest — 
and most “up-to- date refineries they have already been carried out. | This is 
for the reason that the escape 0 of odors is. immediately ¢ connected with other 
losses which the efficient refinery wishes to avoid. 
For example, Mr. Weston emphasized the importance of collecting 


stills, in order: too obviate odor troubles and at the same time t to effect fuel 
economies, As an alternative the scrubbing of gases with a solvent 
mentioned with the objection that the gasoline recovered was so “ “wild” 
to escape subsequently a and thereby create a nuisance. e. As a | matter of fact, 
in “most of the first-class refineries all gas is collected from the ‘distillation 
operations, scrubbed to recover the stable gasoline that it always — 
and then the dry gas is burned under boilers or stills. r here are numerous — 
methods for i insuring that the recovered g gasoline be free from dissolved gases 
which later might cause odor trouble. frequently happens that the recovery 
of f gasoline alone i in such a manner pays a substantial profit in addition to: 


the fuel value of the which value n may amount to more ‘than 
The combined oper-— 


gases from the various distillation processes and burning them 4 
= 


an economy over wasting the, gas a ‘refinery, 


‘a Mr We eston n recommends the use of a vacuum system on tankage. There 
are two kinds of tankage used in refinery operations—storage tanks for crude 7 
and refined products (which may be as large as 80 000 bbl. in. capacity), and 
- Working tankage. The working tankage i is smaller in size and, as a tule, com- 

prises a much of tanks than the storage tankage. ‘It is often 
feasible to tie the working tankage into a vacuum system as recommended, but | 


the present construction of most storage tankage would make this imprac- 


This discussion (of the paper by Robert Spurr Weston, M. Am. Soc. Cc. 

ping potion of the Sopitacr Engineering Division, and published in May, 1925, Pro- 
gs 
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‘Further, of g gases from storage tanks can be minimized 


tionable combustion is ag there sa 
community of interest between the general public and the oil refiners, In 


on nany refineries” it is the custom to keep a crew of men constantly studying 


a su 
‘combustion conditions of the v: various pieces of ‘equipment. rance 
If | 
smoke at the stacks is an indication of i improper | operation. 
whi 
Mention has also ‘made the odors, resulting treating ol 
ow ith acid and from the concentration of the recovered weak acid. In tre ating, 
ng 
- the use of tight agitators and the mechanical 1 mixing - of oil and acid prevents 
pa 1as 
Thy, e escape not only of odors” but also” of valuable fr fractions of the oils. Th hi 
odor difficulties encountered in acid concentration are being ‘minimized both ea 
4. by the use of proper types of concentr: ators and also by the proper conditioning ‘ 
the weak acid to eliminate 0 organic material. 


In trying to ¢ eliminate 0 odo ors from oil refineries sanitary engineers 
fortunately different situation that in 1 some other branches 


industry. _ Ww ith the refineries they ar e dealing not with the prevention of a 

nuisance which can be corrected only | ata monetary loss, but rather with a 


eondition in which the economi cs effeeted will actually p pay a profit in almost 


eve ery case cited. This higher operating effici iency is certainly the steongelt 
argument which an be used by sanitary engineers and public — offic tals ad 
in forwarding the work in primarily interested. proper 
-operation based on the comm of interest, ‘sanitary engineers and 
‘refinery managers ‘should be able pen to correct whatever troubles ac ‘tually Bw 


ist. In 1 no case, _ however, do Americ: an conditions resemble in the f faintest 
manner the picture that has been drawn of Russian conditions. T he efficiency — | 
which has as always maintained the . American refining industry i in a position of 


‘unchallenged world leadership would such conditions in the United 


Epwarp Wricut,* M. Am. Soc. OC. E. _tThe importance of 


and elimination of odors: from oil refineries is perhaps” more fully realized 
by a comparatively small number of sanitary engineers in astern in 


chusetts, in ‘the vicinity of Pro wvidence, R. I, and certain districts in New 

York State > and New Jersey, than by the profession in general. The “number 

3 of complaints on account of odors from the refining of high sulfur oils since 

the W orld W ar has been w unparalleled in “the recent records of th the 

-_ “a mF indicate the size of the oil refining industry, it may be said that eee 


-3 of the refineries in E astern Massachusetts has been the heaviest shipper on 


the New York, New ‘Haven and Hartford Railroad ad Sy: stem. Although the 


of capital is invested in the 500 to 600 refineries in the United ena - 
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[Papers 'S. T ON CONTROL OF ODORS FROM OIL REFINERIES _ 1195 
> We ingle neries" great quan- 
Soon a efter the Wo rid War, the New England re ies usec at qu 


tities of Mexican crude oil, which contained 1 1.5 to 6% | sulfur. is More recently, 
objee 


trol 
of 

apparatus, consider able” quantities. of crude oil rarely exceeding 0.5 of 1 1% 

sulfur have been from California and from other fields. 


and simultaneously with greater knowledge and improvement of odor con 


In | 


in ine reasing quantities. 


a content 1 “to is 


pearance 
If large quantities of this crude. oil are used, the objectionable conditions 


ing oil which arose with the use of Mexican crude m may occur ‘again unless: adequate 


control devices are operated. Not all the sulfur is removed during ‘the refin- 
ing process; i in fact, fuel oil may contain 3 to 4% of sulfur, and the “speaker 


has noted d hydrogen sulfide odors from the ‘combustion | of Mexican fuel oil 


treati ing, 
pre ev ents” 


Is the 
red both 


which were more marked than the odors from a poorly managed sewage 
“posal works situated adjacent t to the power plant. _ ‘This indicates that the 


time ‘may come when it ; will be necessary to remove some of the sulfur, “pos- 


sibly by chemical means, s, from. certain, fuel oils. port 


may be of interest to describe briefly some of the and difficulties 


itioning 


eers are 


nches 


of operating odor-control devi ices that have come to the speaker’s attention 
ion of a 

in examinations | for the Massachusetts Department of Public Health. 


1 alos installation of ‘odor-control devices, like that of sewage disposal works, is” 
5 


trongest only the beginning. Painstaking operation of the devices is essential. The 
pring operating force under which these various gas systems are controlled _ in one 
of the larger and more complete re refineries Massachusetts ‘consists of ten, 
hapet men; a supervisor and a night s supervisor, an experienced man and two ie 4 
—_ oe employed in the inspecting, cleaning, and changing of screens in the various — 
actually Bf ga lines, an experienced man and a helper employed in the inspection and 
Maintenance of the w water seals and recording instruments, and three 
fic ciency q operators working in three shifts, who make hourly ‘inspections of 
ition Lof gas- collecting systems s and the e plant i in gener ral. Detailed reports” s of the in- 
nited spections are submitted in writing or in tabular form to. o the “supervisor at 
the end of each 8-ho -hour shift, and the essential are su submitted 
realized the complete refinery, there are eight to. ten “recording instruments 
Site on t the pipe systems for collecting non-condensable still-gas together with a 
in New number of ; additional instruments determining temperatures and other 
number data that of value to the ‘refinery, but of no particular ‘significance in 


the odor elimination problem. ‘Parts of instruments ‘must be renewed 


from time to time because of the corrosive effect of the gases. The records © ‘ 


“Not only - show the quantity of gas, but also immediate evidence of any defect - 
In the gas collection or gas-pressure system, ‘such as leaks or the formation  __ 
of deposits, . The instruments are p placed so as to be visible , particularly to 


lh a refinery handling 15 000 to 20 000 bbl. of crude oil daily - the -non- 
4 condensable still-gas may amount t to 1 500 000 cu. ft. per ¢ day, but the quantity — 


hat one 


yper on 
igh the 


Varies greatly. 
greatly from hour to hour ev en when the stills are operated 


7 
— 
— 
— 
4 
Massa- 
amount 
UST) 


are made less frequently for hydrogen sulfide and other constituents. _ The 
quantity of of a air varies from 10 to > 85% by volume i in the low- -pressure still-g. -gas, 
and when a weekly r run of about one-third Mexican and two-thirds Californian 
“— being used, the hydrogen sulfide varies from 3 to 15% by volume. | 
The gas pressure lines leading to the boilers are provided “d_with one or 
more ‘seals which must be kept under constant supervision, with a a seal 


2 in. of water. water is usually in these seals to com- 


itt on the storage e tanks: for hot oil a pint neta of 3 in. . to 3 in. of 


_ water is is maintained. . U-tubes ; are provided at various points throughout this § 


and in the winter these tubes are filled with solution of gas-oil to 
prevent freezing. ‘The liquid in ‘the U-tubes - is ‘usually colored with | red ink 
to ‘facilitate and readings are made hourly. and properly re orded. 


Thirty-mesh— Monel metal screens are installed on the gas-line outlets of 


is 


‘ all ‘the | oil tanks and containers mainly for fire protection. The sereens are 
giv en several inspections weekly, which indicate that the surfaces sometimes 


quickly become coated with deposits, largely of sulfur. ‘The life of these 


se reens averages not more than three weeks and proper management. requires 
that: they be kept i in proper condition in order t to prolong the ‘per iods be tween 
cleaning renewal of the lines. At one the refineries in Massa- 
chusetts, 3-in. gas lines on the hot-oil, storage- ‘tank systems have recently 


replaced with 6 and 8-in. lines because of deposits. The gases of 

oration are passed through suitable seals which running water is main- 

The water seals on top of the tanks ‘require inspection twice daily. 

+ 


—: quantity of air in the gases of f evaporation, which is estimated three 
_ times weekly, v varies from | 40 to” 80 per cent. Additional determinations are 
made, less. frequently for hydrogen sulfide and other constituents. 


maintenance ¢ of, ‘the o odor-c control devices in the plant fe for chemically 
gasoline is also troublesome, particularly. because of the a acids 
contained in the gases. All parts of this apparatus are inspected | frequently 


4 ~ Odors often 1 result from deterioration of the metal parts s of ‘refining appa 
ratus allowing the escape of the contents. — Corrosion: and deposits made uw 


ai 


Sy largely of sulfur present great difficulties in operating the gas- -disposal systems 


at oil refineries, particularly in the ; non- -condensable gas lines from the. low 

pressure > stills where the gas. contains as high as” 85% of air. Corrosion is 

; a marked in the high-pressure still lines where air is not present. 1 The 
of the air and gas with sulfur com compounds readily corrodes wrought: 


jron pipe so that its av erage life is not ‘more than three to four’ years. The 


and air also corrodes the tops of the metal tanks so that it is necessary 10° 


them every three to five “years, In g -holders for storing the all 


a of the gases of evaporation from various grades of petroleum products 
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Papers. ] — ON CONTROL OF ODORS FROM OIL REFINERIES es: i 
condensable gas, the corrosion is also marked and careful inspections and 
_ als of parts of the holders are necessary in order to prevent leaks. ._ 


Regular inspections ar are made of the still settings to determine the presence 
of breaks in the walls due to the contraction and expansion of the stills, and 
when the stills are used on the batch h process, » as is necessary when the heavy 


crude oils are refined down to coke, very careful attention is necessary to 
prevent, leaks and to provide good combustion of the fuel beneath the stills. 
The management of one of the refineries in Massachusetts requests the 


ing. salesmen and others to make such observations in the locality about the refinery 

ee wes is are reasonable and to call up the management if offensive odors are noted. 
ng ‘il, A representative of the Odor ( ‘ontrol Department is on hand at all times a 


«Steal make observations: in n the field” ae complaints and to determine and 


utlets of 


of these 


requires: 
between 

n Massa- 
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_ FINAL REPORT OF THE SPECIAL COMMITTEE ON 
STRESSES IN STRUCTURAL STEEL 


Messrs. Epwarp Goprrey, O. Drarrin, E. G. VALKER, AND 


Epwarp Goprrey M. A Am. Soc. CE. (by letter). t—The report of the 


= 
‘ial 1 Committee on Stresses i in Structural Steel contains recommendations 
that should not go unchallenged. Iti is a serious dod not a revolutionary matter 


well nigh impossible, 


‘once a has been. established ‘which breeds wrecks by the score, to 
induce the profession to abandon that practice for safe methods of. ‘design. 


Witness the long established. practice of designing dams in total disregard of 


under pressure and “pressure in the horizontal joints and the long | list of 
failures of dams because of the reality. of this pressure then wv witness the 


al recent flouting of under pressure as an element in the ‘detign of dams by 
To show justifiontion for radie: al change design there must ‘some 


J udg- 


ment is not a Teason. “Majority never a truth nor 
— Be havior in serv ice is cited in the report as one of the reasons higher 
jee can | safely be adopted, and industrial buildings are referred to where — 
high unit stresses were 1 used in the design. 
~ Behavior in service is competent evidence, provided that service is fu 
service and not nominally performed. It is very rare that : any building 
rec eives s the load for which h it v was designed. OF or example, t take an ordinary : 
‘six- <-story building 100 ft. square, designed for 60 Ib. pe sq. ft. on ‘the floors. 
It would require 60 to 100 carloads: of material and a deep. snow on the roof 
to load that building to capacity. ‘Sete years ago the writer criticized the 
design of a school building because the floors were good for only 20 or 30 Ib. 
| sq. ft. floor area. The builder calculated what a school teacher 
“fifty inaglls and desks would weigh or by this argument convinced the Bor 


that the floors were safe. 
The argument that some engineers are _—o, to take a longer 
: on an existing b bridge and continue ‘its service | when unit stresses are 24000 7 


to 26 000 Ib. per sq. in. is one ¢ of psye hology rather ‘than an enginee ring. 


y the full loads for which ‘they 


a 
are designed onl earry those loads frequently. ” Such cases are rare, however. 
Structural Engr. (Robert Ww. Hunt Pa. 


Received by the Secretary, . “April 7 


= however, ‘that bridges. do sometimes: carry 


J 
Pa, 
= 
‘ 
1 
M1 
su 
if 
ia 4 
equi 
for 
at 
200 
to 
des 
— ore 
pee 
loa 
— il 
— 
| 
| 
be 
— 
q 
t 


GODFREY ON STRESSES STEEL 
Even railroad bridges seldom carry the rolling loads shown in. the ‘specifica- 
tims. Highway bridges almost never receive their full loads’ in the trusses. 
In 1897, the writer condemned the Seventh Street Bridge in Pittsburgh, 
Pa., as being unsafe for use in carry ing street cars. _ This bridge was a double- — 
chain suspension ‘bridge, the eye- -bar chains being 10 ft. apart vertically and 
connected by systems” of web members which prevented their acting inde- 


pendently in carrying suspension | loads. | The condemnation wa was based largely. 
on the observed fact that the eye- bars in the upper chains w were , buckled at 
mid- -spans, showing conclusively that they were not acting to carry load as” 
a suspension chain and that the low er chain was carrying all the load. | merrtie 
_ This bridge wa was designed with the idea that the two chains would be of 
equal or nearly equal value, as they » were both of the same section. _ The load — 
the for which the bridge was designed was very much lighter ¢ than modern traffic — 


ndation would x require, bridge was subsequently ‘used for street cars and ‘ “gave e 


y matter service” for some years. : Before its recent removal all eye-bars in the top chain | 

possible, # at mid- -spans were bowed out in a large curve. It has been pointed to as a 

score, to [good ex xample of design because it gave this win for so many years. One 


f design. could argue from this that a unit load of 30 000 Ib. ‘or more on these iron eye- 


of Before the first failure of the Quebec Bridge, i in 1907, authoritative 0] opinion 
ness ‘the: asa sustainer of bridge loads ran rampant. ‘Units around 24 000 Ib. were going © 
dams by. to be very common where civil and engineering laws did not hamper ie 
designer. That “wreck, though its cause was a care traveler | and ‘not 
be some high unit stress, gave a decided check to the “kiting’ ” of unit stresses; and — 
another large bridge, designed with the same disregard of « established s safety | 

precaution, in its floor sy ystem so that it could not -earry design 


to where — The real reason for the acquiescence of engineers in the in the urge of steel 


fabricators seems. to be lack of opening failures. 


“AIL service deficiencies of early practice can be traced to causes unrelated - 
to basic working stress, chiefly unskillful of the general structural 


system, crude det ails ond insufficiency of br: cing.” 


the roof 5 ~=—-_ Does this mean that design i is so perfect now that ¢ all uncertainties | as to the 
‘ized the distribution of stress have been eliminated? Does it mean that the perfect 


or 30 Il Ib. conditions of the testing "laboratory have duplicated built-up bridge 


e Board fay 7, 1900, a einai span in the North Side de, Pittsburgh, broke | egal 

chance 


he standpoint of service. Tt was a tension break i in the bottom 
to The unit tension in the wrought-iron plates was about 14 000 Tb. per 


lack of uniform. distr of stress on n the plates pi ‘and 
to What extent the confidence of the Maintenance ‘Department 1 may be blamed? 


Me Committee i is wise to. base its argument on low values rather than | on 
‘a view of using that property 
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IN “STRUCTURAL STEEL ‘(Papers 


“i structural steel as a ‘baila for sie unit ¢ stress, but : it seems to have lost sight 
entirely of the fact that the commercially determined yield point is by no ) means 
the true, elastic | limit of steel. ‘With the high speed used i in the testing machine 


‘the “drop o of beam” ’ gives a yield point ‘that i is several thousand pounds higher 
than an the true elastic limit of the steel. _ The writer: has: made tests on sted 
: that ordinarily shows a yield point of 40 000 lb. b. per s sq. in., and found that with 


Int that 
a very slow speed the yield point, which in 1 this case is doubtless. the true elastic 
limit, was 832000 Ib. persq. in, 


the Committee’s value of 30 000 Ib. be reduced by proportionate 


amount, it i is 24 000 Ib. _ Where + then is ; the: factor of safety i in a bridge where 


” Th he writer is in accord w ‘ith the Committee i in its declaration that secondary 


stresses may be neglected i in buildings. He would also negleet such stresses 
“2 in bridge work. He is not in ‘agreement with the inference that the bending 
- twisting of columns at unbraced points should be classed as secondary 
stresses. A recent contribution by the writer to the discussion of this eubjet 


tests are not of in estimating the se service value c of columns. This: is 
about the most important pronouncement of the: ‘Committee. if the ‘yield 
point in a column test (the point where the takes a ‘permanent. set, 
4 and begins to fail) is of no importance in compression members, ‘the ‘most 
4 treacherous | and uncertain of all” structural members, engineers had better 
_-Tevise their thinking. They had better discard consideration of the yield 
: “point in tension members also and design for | stresses that are just under the 
With columns, as with d column s of reinforced. concrete, “the 
‘members 1 may take a ‘permanent set (or begin to » erack i in. the concrete); and 
_ after this the load may be very greatly increased before failure. The ultimate 
load may be twice as great as the yield point. This range between the yield 


point and the ultimate is an index of the ‘toughness of the column, and it is 


q ‘ihe yield point would. fail wl bring down the whole structure with it; but the 
he point should be considered the ultimate point of usefuless of a column. . 
7 Biecesrt is no doubt that ‘Tepeated application of the yield point | load ial 


~ eventually produce failure i in the column as it does i in tension members. 


Among tests on compression members made by Mr. P. 1 
= _ wrought-ir on members showed permanent sets (or yield points) : at 17 000, 
4 200, and 20 0 150 lb. per sq. ‘in., respectively. steel members showed 
a 


permanent: sets at from 12 600 to 25 500 Ib. p per sq. in. 

average maximum load of these members was 31 200 Ib. sq. in, Four 

~ columns had a ratio of slenderness of 46 and less, and the fifth had & si ratio bal 
% 97 (ultimate strength 27 790 Ib. p per sq. in.). 


These were well designed bridge members, and the tests" were _ by one 
of the best and most experienced shop inspectors of his day, so that the ‘shop 
* Proceedings, Am. Soc. C. E., April, (192 5, Papers and Discussions, oes. 

eering News, December 26, 1907. 
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work must hav There ‘is certainly no justification the Co 
-mittee’s 's recommendation that unit stresses can can be increased 25 per cent. 


Some tests* on well- made bridge members described by J. A. L. Waddell, is 
Am. Soe. E., show great regularity. ‘Three of these with a ratio of 81 


SES IN § 


— 


lost sight 
no means 


showed an average limit of 16 800 Tb. per sq. in. This is 23% greater 
on sted | than the ‘ “safe load” recommended mended by the Committee. Would the Committee 

ue elastic _ By ridiculing t the “factor of ignorance” ’ the Committee seems toa assume that | 
every 

ortionate attitude, “Men who are deceive ed | are deceive them- 

lige where selves, and the best way to be deceived is to cover a design with ; an intricate ; 

ca ae cloak of mathematics and theory, so that one loses all sense of the practical — 
secondary outstanding fact that a structure is actually unsafe. 


h stresses things are always referred to when exact knowledge concerning 


bending stresses in. steel structures s is discussed. One is impact and the other 


secondary ‘secondary § stress and the g great strides made in its mathematical determination. - 
Every set of practical tests of secondary stresses shows that the actual 


ai a stresses generally bear no relation whatever to the calculated stresses and that 

column the safest, structures are those designed in a manner to produce greatest 

 Thisis “secondary stresses; - and the structures are . designed without regard to secondary q 

the yield _ stresses. . In spite of this engineers bring seco ndary stresses into specifications 4 


te mot f Formulas: state just t how mue h impac +t is added by live loads of cer rtain | alle 
dimensions, and the formulas are based on the length of the portion of span 
the yie 

| 


4 
loaded. No impact tests ever made came anywhere near confirming these 
g 


under th the 
Dynamic effect is produced by such causes as ‘roughness of track, 


lack of balance of engine drivers, , nearness or remoteness to the track of ‘the : 


member considered, and in no degree. whatever is it dependent on the length of | I 


rerete, 


ld pn The testst recently reported to the Society by the Special Committee on : 
it is mpact Highway show impact: values up to 150° per cent. 


‘weal to ‘formula adds impact stresses so great as this. Our vaunted knowledge of every 


4 
ts but the: factor entering into bridge is not even a good guess. 


keep our feet on ak 


will on Jasper O. Drarrin,t Assoc. M. EL (by, letter). §—The 


pers. ie oft this Committee has served a useful purpose if it does no more than’ direct 
Suchanan,t attention to the more or less empirical selection of working stresses. Any 
) at 17 000, who has occasion to examine old steel structures must marvel at times that — 


7 some of of the structures do not give greater evidence of distress under the high — 
700). ‘The | stresses which exist. The ability of steel to resist high stresses successfully, 


arg show red 


= When these are not repeated enough times to be classed ak ‘repeated stresses”, - 

Am. Soc. C. E., March, 1925, Society Affairs, p. 126. 


{Transactions, Am. Soe. C. B., Vol. LXIIT (1909), p. 250. 


rof. of Theoretical and Applied Mechanics, Univ. of Illinois, Webene, ARH. ~ 
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trations of ne stress, however, the increase in the value of working stresses 


Socie ties and Committees i in their recent reports concerning working stresses 
in 1 columns § in bridges is to specify lower working stresses. ea is | true that the 


members in bridges are not directly comparable \ with those in buildings, but 


the evi ident in nn mendations lower the 


toward a highly desirable goal the 1 necessity for the 


toward more careful stress analysis and: design. — ‘However, in the past many 

failures have not been primarily due to high allowable stresses but have been 

due rather to the neglect | of important s stresses and to_ improper design or 

“details. These deficiencies in design and details may be attributed toa 

: number of causes, a among - which are errors in -ealculation, lack of knowledge 

on the part of the the designer of the correct method of. stress | calculation and 

design, failure to. appreciate the significance of ‘secondary | stresses or their 

effects, and the desire to save on material or r workmanship. If these deficiencies 

exist to- day, they will exist, to a lesser degree perhaps, in the immediate : future. 


The s same men. who have designed 1 unsafe buildings: will to design 


that a using materials shoul 
be hampered in the economical design 0 of a structure by. the incompetent 
. individual, but this does not necessarily follow from the adoption of the 
Mi Minority Report. , The suggestion of a standard by a ‘Society does not comps 
every one to follow it, since it merely expresses the opinion of the Society as 
to what it considers to be safe values. The skillful designer may at any | time | 


; adjust the working stresses so that they ‘accord with the conditions under which 


] 
1e is workin = a 


7 The: change in accepted, , safe standards should in general be made as fast . 
y and no faster than, improvement takes place in methods of stress comput: 
d ion, in proper design and detailing, i in knowledge of the action of structures, 
in methods of fabrication, ‘and uniformity of material. The Minority 
‘Tecognizes that ‘some increase in working stresses advisable but 


would n make the change more slowly than the Majority Report. The > Minority 


E. G. M. E. (by letter). +—The has read the 
of the Committee with considerable interest. and agrees” in "principle 


with hes greater part of it, although he considers that the evidence put for | 


t Received the Secretary, ‘May 4, 1925. rk 
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| “strength of 28 to 32 tons p per sq. in, and the 


TRUCTURAL STEEL © 


is hardly sufficient, in itself, to justify filly 


epor 


a in the Majority R 
the proposals that are made to increase the unit working ‘stress to | 20 000 Ib. 


per 8q. in. - Although unit stresses up p to 8 or even 9 long tons per sq. in. 
(ii 920 Ib. and 20 160 Ib.) are used considerably in Great Britain, the majority _ 


cof British official regulations are based on the use of a steel having an ultimate q 
fixing of a working stress at 


- one- -fourth the mean tensile strength, namely, 74 tons per sq. in. | (16 800 Ib. ; 
per sq. in. This figure is specified by the London County Council and the 
principal Government and local authorities, and is very generally adopted. 
Thus, the standard w orking stress in official British practice is only B% 
higher than the usual American figure of 16 000 ) Ib. per ‘sq. in. : To this extent, 


then, the Majority Report is a little misleading. ai 


The writer considers that the method used in ‘Table 1+ specifying 


axial compressive stress in columns would be more directly comparable if 


the expression was put in the usual Pa ae form. It. would then become, 7 


maximum of 16 000! lb. per sq. ‘in. , instead of the 
expression, 16 000 - E, used in 1 Table modified form enables more 
direct comparison ¥ be instituted with the numerical values in common use a 
. ‘The writer ‘is in full agreement with the principle, expressed i in the Major- . 
ity Report, of separating entirely | the subject of working stresses from i ; 
of specified loadings, although he feels that the practicability of this 3 course — 
when framing any code of rules is a difficult matter. , The fixing of a suit- | 
able working stress should depend entirely on the physical and mehenbell 
“qualities of the material and the general make-up and functions of the various 


parts of the structure, and also on the n nature of. the stress. 3 These items are 


“Sl in themselves form a sufficient. hans for settling on > working =i 
to be adopted. . On the other hand, loading is 3 a much 1 more | definite matter” 
and there are few cases. with which designers of structur al steel work have to 
in which loads can be determined in any but artificial manner. In 
the case « of buildings it is usual | to find that definite intensities « of loading — 
are specified for various parts of the structure, and familiarity 1 with these 
different loadings is apt to make one lose sight of the fact that they = _ 
almost. purely artificial in character. and, , in general, ‘are not directly con- 


neeted with the actual loads which « come on the structure. 


je The safety of the framework of a building depends on two broad factors: = 


(1) The load. that is put upon it; and (2), the ‘strength of ‘the framing to 


vithstand this | load. _ Although these two are unrelated : factors 4 in the sense 
‘that the load put on the structure is not intrinsically connected w ith: the: = 
ability. of the structure: to support that load and vice ‘versa, yet, in practice, 


SSS VS 


; _ there must be a certain amount of connection between. the: two, since the a aim 
in Aivuctaral, design must be to produce: most _ economically the structure that 


Procee dings, Am. 


oc. p. 403. 
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ON STRESSES IN "STRUCTURAL ‘STEEL [Papers 


following the rules. laid by different codes, will produce noticeable 
differences of dimensions in structures designed to fulfill the’ ‘same purpose, 


These differences may be, and frequently are, due as much to differences in 
_ the assumptions made in regard to loading as they are to the working stresses 


Eo Tf, for example, a code specified that, for a | floor in’ a building that 


is to be’ used for a any particular purpose, a load of 200 Ib. y per sq. ft. is to 
at a load of 300 Ib. per ‘sq. ft. is to 

ber used, it naturally. follows that the dimensions of the members in the second 

must be considerably greater. Whatever may, be assumed for the pur 
"pose 0 of caleulation, the actual loading on the structure is definitely ‘settled 
a Ww hen the building is put into use. This will produce definite stresses which | 
{ may be greater or less than the pene ET stresses determined from the codes, 
‘There i is not much doubt that with a properly arranged structure, t together 
with: a ‘sufficiently high degree of workmanship and the use of a a grade of 
steel which complies with the general accepted specifications, of a 
‘higher intensity t than those normally used could be adopted. The stress used 
in designing a steel building i is a computed rather than an } actual stress ; — 


‘is, particular loadings are assumed floors, roofs, 
in the ordinary way 


concerned ; ; from the them sections are in accordance with a simplified 


approximate theory based on the limit of stress laid down i in the specification. 


By this process the endeavor is made to get a structure in which the mem- 
bers are: all stressed to the economical safe limit. when the building is put 
into use. e. In many ¢: cases this result i is not achieved at all—or only approxi- 


‘mately. Tf g generous” estimates of loading are made the actual stresses may 
fall considerably short of the computed ones, as will also occur when, for 


simplifying calculations, assumptions “on the safe side” are made. ‘It follows | 


in such instances, therefore, that a a nominal working stress of, say, 18.000 Ib. 
per sq. in., might result in a section as heavy as that computed for a maximum 
_ stress of 16.000 lb. per sq. in., if the basic assumptions, allowances for impact = 
and vibration, ete. , and distribution of loads between the members| of the 
structure were ‘assumed on a sufficiently lavish basis. ‘Therefore, although 
the writer agrees: that the subject of the actual maximum working stresses 


allowable should be considered independently of ‘any’ other matter ‘relating to 
- design, and believes that their values should be | settled entirely with peng 
to the properties of the material and its distribution, he ‘finds some difficulty 
_in understanding how it is possible lay down values to be cused for 
poses of calculation unless, at the same time, , consideration | is giv ven to all 
other factors on which the computed stresses ‘and the safety of the structul ture 


Tt is fairly, well agreed nowadays that material as structural stee 
ean be stressed with safety nearly to its elastic limit without, jeopardizing 
its strength. therefore, the he actual stresses in a a structure may bee cal Iculated 
toas a sufficient degree > of accuracy there 1 is no reason | why high 1 working a stresses 


ase in knowledge of the behavior of materials 
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BELCHER ON STRESSES IN STRUCTURAL STEEL 


‘and structures, it has been possible to approximate by calito more and > 


‘more closely to the actual stresses which | are developed i in the various members 

ofa complex : structure. At the same time methods of manufacturing have im- 


proved in such a way that there is greater certainty of the load and — 
distributions "approximating more closely those assumed 1 in 


Hence, it is ‘possible to increase working stresses. in. the same material with- 
out actually reducing the margin of safety, | but unless adequate care is taken 
methods of design and of construction are of hy 


as to ‘the use of f highe r unit stresses in structural designing unless, at the 


same time, the other fe: atures on which the adequacy of the structure de pend 


e been | fully and the under which higher 


“the has been ‘undert aken_ the “Special Committee on 
in Structural Steel should be enlarged to cover an inquiry ‘as to the loadings a 


n- 


qhich may be permitted in different cases and the quality of the workma1 


Apri 


de finite ‘recommendations for 1 unit. working stresses, based on 


rent, and the “present ‘state of the ar t. The report is 
ically an expression of ' judgment by experienced engineers forming the tue 


of whom eight recommend ‘an increase of working stresses of 25%: 


_ Toughly spet aking, and four recommend an increase of 123 per, cent. In the 
- absence of additional test data bearing on the re port, | or of specifica ations for 


improving minimum steel 1 , the is in agreen with the 


As re cently as 1920 the Special Committee on Steel Columns and Struts © 
after alongs series of full-sized tests, recommended a column formula which ie 
‘ited compression. stresses to lower values than customary practice, with a work 


Rial stress of 12 000 lb. per sq. in. for use in columns up to a slenderness ae 


= 80. However, structural engineers generally 


appro mating 16000 — 70 — with maximum of 13 000 to 14 000 Ib. 


The increase now by the Majority Report|| of the Special 


ae on Stresses in Structural Steel seems to the writer to be too great - a 
~ departure from the conservative expression of the former Committee. | 


old * Structural Engr., Dwight P. Robinson & Co. New Yo ork, N. ts 


va t Proceedings, Am. Soe. . E., March, 1925, Papers and Discussions, p. 404 


Am. Soc. C. E., Vol. LXXXIII (1919- 20), p. 1583. 
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BELCHER ON IN STRUCTURAL ‘STEEL [Papers, a 


Building Codes.—The the movement to. adopt a basic increase to 
4 unit stress of 18 000 lb. is already. well way by the American Institute 


tions for Building Gabe at the e present time. oes stresses ie than 


16 000 lb. . per sq. in. are in general use Ur under favorable conditions of stress 
; “determination. The fact that the majority y of the Committee recommend 20 000 
; Tb. will lead to its further use on special work, such as industrial plants, iso- 


sho} yuld be. the extent of change at As 


ing Profession has every right to insist on this asa of 


and, at the same time, Ge organization of building departments should be 
adequate for proper examination ‘and approval. The ‘adoption of a - standard 
design code such as that of the American Institute of Steel Construction would — 


tend toward uniformity of practice and greatly facilitate both design and 
ield Point. nt—The use ‘of the “yield point as a basis in determining 


working stresses is an important feature of the report; it was to be expected 
the 19 24 Progress Report of the Committee.* "Handbooks ultimate 
Toads | to which the user may apply his own | factor of safety” should be discon 
tinued. rit ‘Reported tests of articulated structures econvineing proof that 
stresses b bey ond the yield point in various members ‘introduce rapidly : mounting 


is that of standard ‘steel will gradually be increase 


attention of the ‘Special steels alre ade such increase; for 


e, on the Pacific Coast, medium open- -hearth steel is available at no- 


Increase in| cost, having a guaranteed point of 45 000 lb. 8a. 


line structures ‘using a working under a maximum load condition 
4 of 30000 Ib. “per sq. in. | This i is an excellent quality of open- -hearth steel, pass- 
sing “structural grade” "specifications. Steels are also commercially available 
at this time from German rolling- mills having : a minimum yield point of more 


a 


Pa 
| 
a 
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2. ae es ot the Committee accepts this value as sate practice, makes it desirable for §& clo: 
L 
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0000 Ib., as a basis, 
suggested by the mino 
ee designed by engineers, as compared to those for which builders and owners 7 
Koy 
_make their own interpretation of the code. Much thought has been given to 
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~ ON STRESSES IN” STRUCTURAL 


Column Pormulas.—Th e column formula recommended by the 
Committee, 20000 — a maximum per in fits 


within a working range up to 180, “that the “Institute might 
adopted it for values below its Maximum 0 of £ 15000 Ib. The report of the 
ie 
American Institute of Steel Construction states that a straight line formula 
s “mathematically inconsistent”. It might also be stated that the materials 
ule and loading conditions are not ‘mathematically exact and the variation 
between the curve and a 1 straight line formula is small compared t to the range 
between the compression formulas recommended by various authorities for the 
same class of work. _ The si straight line formula is much easier to use and to 
check and is equally correct within working limits, 


4. 


Combined Stress—The Committee did not state definitely ‘its allowable 
“over- run” in working s stresses, due toc combined loadings, in including wind, The 
subject is discussed quite fully, but conclusions are not given. = The value e of 


24000 Ib. is recommended by the American Institute of Steel Construction; ; 
this appears to be a reasonably high figure. 


Rivet Values. —T he rivet v values given show refinements in bearing value 


dies are not explained in the report. — It would be of interest to know more 
about the tests that may have been consulted | by the Committee in making its 


recommendations. tests “made on ‘thin angles, connected through one 
le the writer found a a relationship between sheari ing and engi stress viieis 


recommends a as as to 8 in "the case power- rivets 


failure in bearing is included splitting throug rh the of the piece, 
breaking out the edge, and as well as failure 
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tise OF THE SPECIAL COMMITTEE 
CODIFY PRESENT PRACTICE ON THE 
be BEARING + VALU UE OF. SOILS: FOR FOUND: ATIONS 


- 


Font, M.A Am, 8 Soc. (by letter. The tests ‘made by Mr. 


Goldbeck agree with certain and rations described elsewhere by the 
‘the 


Mr. Goldbeck ‘states:|| “Tt is apparent * at ih that, in gener ral, ‘the 


ie the e superimposed area, , the ° greater is the unit of load required for equal 


Pen netrations” 3 and, a little farther, “whether or not the relation will hold, it 
s nevertheless certain that whenever two different sineil bearing areas are aa 
“the larger bearing: block will penetrate deeper than the smaller for the same 
= of load”, His Fig. 24 | shows, for instance, that a load of 8. .6 Ib. per 
. in, ona bearing area of 4 sq. in. produces the same penetration as a Toad 
4.8 Ib. per sq. in. ona bearing area of 12. sq. 
i is the explanation of such a behavior? In his paper on “Researe shes 


the Structural Design of Highways by the U. S. Bureau of P "ublie vds”,** 


4 
= 


ls 


y will! ‘he‘noted that when small bearing areas are used, the intensity 


pressure required to produce $ ea pe of 0. in. fae exceeds that for large 


& 


areas are used a greater thie of the is hic h 


‘This explanation is sdacenitliiig Should it not, also, be t: 
sideration that pressures are not transmitted -dowr nwa ally, but 


Assume two bearing areas (Fig. 6), one c of 4 sq. in., as in Fi 6 the 
other of 16 sq. in., as in Fig. 6 (), the load in Fig. 6 (a) being 400 Ib. and that 


* This discussion (of the Progress Report of the Special Committee to Codify Present 

> - Practice on the Bearing Value of Soils for Foundations, etc., presented at the Annual Meeting, o 
January 21, 1925, and published in May, 1925, Proceedings), is printed in Proceedings in 
onder that the views expressed wend be brought before all members baal further a ah 


Chairman, Technical Comm., , Montreal, Que., Canada. 
§ “Novel System o Foundations Used in Cremation with the Federal Legislative Palace, 
co City”, Transactions, Canadian Soc. of Civ. Engrs., Vol. (1916). 


Proceedings, Am. Soc. E. May, 1925, Papers and Discus ssions, 


1924, Papers and Discussions, p. 45 2 
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the various of ‘soil, rather an Xx. 

OW hether this angle i is 20° or 30° or 40°, the writer does not know, but it must 

- depend in a certain measure | on the nature. of the sol il, If the unit. load in 


both cases is 100 ) Ib. per sq. in. , the same unit pressure exists on the soil at 
- Elevation A, the point of applica tion of the loads, but at any given depth, as” 
Elevation B, the unit pressures are different, that in Fig. 6 (a) being evidently | 


Area 2x 2'=4 Sq, In, Area 16 Sq, 
Load=100 Ib. per sq. in. Leed=1001b. per sq. in, 


or equal 


-. Average Unit Les 16 ib. per sq. in, Average | Unit Load=_1600_— = 4.94 Ib. 
ee _ Translating this language into fghves, using a depth of 12 in. and an angle 
0 of 30°, sustaining area, at a depth of 12 in. , of 16 by 256 in. for 
or lange Ke 6 (a) and of 18 by 18 in. = $24 4q, in. for Fig. 6 (6), ia found: 
Average unit pressure, , Fig. 6 (a 256 = 1. 56 Ib. per sq. in. 


angle of 


‘may be too great. “Tf, the correct it shows. that 


the: : 
(a, present t method of designing foundations, where the loads differ widely in 


same 


is wrong. The unit of pressure for light loads should be higher and 
for heavy loads, lower. In other words, s small foundation beds should be be 


ission. 


in 4 


y ~ Another: factor i in 1 the case is that at the depth, B, the pressure is ev vidently q 

longer uniform, under the entire surface affected, but the unit pressure » 

e Pa 
greater beneath the center of the load and lower near 


cr ne 


The City 0 of furnishes a practical at this statement. 
Part of the city is built on the bed of an old lake. The soil is evidently ejected Vo un 


in 
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_ FORTIN ON BEARING VALUE OF SOILS — [Papers 


- voleanic material, either deposited directly o or w washed down : from the mountain 
: sides : surrounding the city. It has the. appearance of clay, lies in alternate beds 
of various thicknesses, and is sometimes of brownish color, sometimes reddish, 


Oceasionally, there i isa a thin bed of sand, boulders, and pockets which 1 


= weighs 70 Ab. per | cu. ft., that is, prone 10 to 15% more than water. When it 
: is taken out of the ‘ground ao ealhen de be squeezed « out by pressure, but i if left 
exposed 1 to the atmosphere it loses from 40 to 80% of its: volume, becoming a a 
"gritty lump. nt This subsoil has an unknown depth ; ; an Artesian well 800 ft. 


deep at the site e of the. National Theatre failed to reach bed- rock. (9% 
ef In that part of the City of Mexico under consideration there is hardly a 
: building that is plumb and level. Almost invariably the center of large 


buildings has sunk ‘more rapidly than the perimeter, | the foundation taking 
a cup-shape; not only that, but the center of walls, ae of ¢ any length, : sinks more 


_ ‘rapidly than the ends, giving them a concave for m. . An expl anation of this 
phenomenon was sought and Sefior Gilberto Montie l, t then Deputy Minister of 


hun ® orks, conceived the idea that, under ‘a load, the subsoil of Mexico 
acted like a semi- solid or plastic body than like a solid : material. After 


— Jong researches he found the entire theory of the resistance of a semi- -soli 
body to pressure in a book entitled “Théorie des Potentiels”, A by Boussinesq, a a 
French author. This theory i is | that at on a semi- -solid 1 body 1 the pressure varies 


from the | perimeter toward the center as the co-ordinates of an ellipse. ~ Rankine 


a 5 has also. studied this problem in his “Manual of Civil Engineering and Applied 

ia ‘The foundations of the Federal Legislative P sans in the City of Mexico 


“were designed according to » this theory, but as no walls have as yet been built 


; it: is impossible to test the e accuracy of the assumptions. — a he si king of build- 
- ings in the City of Mexico is not a settlement of a few inches, but 0 of feet. A 


new structure at one corner has sunk at least 5 ft., , and a a very old Ww wall has one 


< more 

K more 


in the center on the ends) ‘eal’ subsoil may 
even | reverse the process, but, generally, the sinking seems to follow the theory. 


The concave deformation of a compressible body under a load can be illus- 
trated graphically (see ‘Fig. 1). It is assumed, in order to make the demonstra- 
tion clearer, that the / pressure due to a superimposed load follows an angle of 


45°, but a any other angle will give similar results. In this particular case, with 


four equal loads evenly spaced, the unit pressure | at a certain depth near the 
nter is four times the unit pressure at the end. . 


saa good foundation material, ‘not overloaded, this concave effect is n 


_« 2.4 


= 


= 


Gi 


noticed because a ‘material which can 1 ‘resist a certain | pressure per unit of 


well. . The reason that t the concave effect in Jong walls is not noticed — 
a 
c 


_ surface without apparent deformation, will n resist a smaller ‘Pressure ‘oly 


often i in 1 constructions on | weak subs soil, may be because Ww walls 1 w vell — act as 
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f Mexico As to the v variation of the unit pressures according t to the co- -ordin 

al. After am ellipse, Fig. 5 5* shows that, for various loads on the same sized bed, the varia- 

semi-solid tion, or as Mr. ‘Goldbeck ealls it, the lateral distribution, is a curve having the _ 7 

ssinesq, a ‘shape of a bell—a curve remarkably : similar to that representing the law of ‘the — 

- Rankine My. Goldbeck is on the right path, and his researches and experiments sa 

d d Applied bring out t some practical results. It will be interesting to have tests made on 
different grades of subsoil. with a v view of obtaining data their: behavior 


if Mexieo | under various intensities of load, first, as to variation of unit pressure oe = 


AO 


seen built the entire e bed at various depths ; and, second, as to _ angle o of transmission, 2 


fet. Am. Soc. C. E. » May, 192 25; Papers and Discusstons, p. “896. 
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MEMOIR OF WILLIAM JAMES BALDWIN (Memoirs, 


SMOIRS OF DECEASED MEMBE RS 


 Norr.— —Menoirs will be reproduced in ‘the Sig Any information 
which will amplify the records as here printed, or correct any errors, should be is daiaciaaa to 
the Secretary prior to the final publication. 


WILLIAM JAMES” BALDWIN, M. Am. Soe. C. 


May 9, 1924. 


William Baldwin, th the son of Captain rina 
(San Giovanni) Baldwin, was born on June 14, 1844, on shipboard, and his 
birth was recorded at Waterford, Ireland. He was educated in the schools of 
Boston, Mass. and of Charlottetown, Prince Edward Island. 

_ mi 1862, he entered the office of his father who was a Naval Architect ail 


navi 


Tn order to acquire a practical knowledge of the details of ship -construe- 
tion, Mr. Baldwin, in 1864, accepted a position in the iron shipyard of Donald 
McKay, at East Boston, Mass., Lat wher re he was engaged for two , years on on the 
: construetion of three monitors and the conversion of several blockade runners 
into “cruisers In 1866, he was made Assistant under Stephen Gates, Civil 
‘Engineer, in the construction and repair of ships at East. Boston, ‘Dut, 

: in 1868, on account of the decline i in iron shipbuilding, he turned his attention 
to general machinery. _ From 1870 to 1874, he served as Manager and General — 
‘Superintendent of t the 1] Detroit Novelty Works, in charge of about 100 men, 

‘- From: 1874 to his. death, “Mr. Baldwin engaged i in n professional practice as a 
Consulting and Designing | Engineer, principally in connection with the con- 
struction and design of engineering plants. for large public buildings, which 

included boilers, engines, elevators, we water- -works, and ventilating 


and heating systems. Many of these buildings are of ee 


‘York, where he had established his headquarters, for example, the Col- 
lege of | and Surgeons, the Vanderbilt Clinic, Sloane Maternity 


- Hospital, cand the old Tribune ‘Building. He also installed engineering plants 


in many apartment houses; a department store; the Government buildings 
on n David's s Island in New York Harbor; the New ‘York State Reformatory, 
Elmira, N. 3 the Insane Asylum, V Wilmington, De; Block, Denver 


Colo: : and the ‘elementary schools at Honesdale, Pa. In the State of ‘Mich 


igan, he installed e engineering plants i in the State Prison at Jackson, the prison 
at Tonia, the State School at Coldw ater, and the State Insane Asylum at Ke Kala- 
m 1Z00. Altogether, the number of boilers designed and set his super- 


ision e exceeded five hundre d. 


‘He was also Consulting Engineer for the of Health, City of 
New Y York; Consulting | Designer for the United States W 


College at D. C.; for the United States Station in 


Mo 

‘Mel 
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formation 


well ; as the New York’ ‘Telephone Company and the 


From 1880 1889, Mr. Baldwin was Associate Editor of Engineering 


Record in its Department of Sanitary Engineering. He also served as Lecturer — 
and Professor of Thermal Engineering at the Brookly nm Polytechnic Institute, 


He was an Honorary Member of the American Society of Heating and 
Ventilating Engineers; a Member | the American Society of ‘Mechanical 
Caterina Engineers and the Telephone Pioncers of Ainerica; and a Life “Member of 
and os the Brooklyn Chapter of the American Institute of Architects. Mr Baldwin 
shools was also. a member of the C Jommittee of the American Society of 
Engineers that formulated ‘standard pipe. threads (known as the ‘ “Briggs 
tect and formula”), for the United States and Canada i in 1886, and of the ‘Speci al Com- 
mittee. for. Elec ‘trie Secrew-Thread Standards, as. well as of the International 
Committee for the Formulation of an International Standard for binaeual 


¢ Donald He was the author of a number of books, of which the following have been 7 


s on the | published : Steam Heating for Buildings” (1881) ; “Hot Water Heating 
Fitting” (1887); “Baldwin on Heating” (1890) ; “D Data for. ‘Heating and V en- 


es, s, Civil ‘tilation” (1897) ; “An: Outline of Ventilation Warming” (1899); 
ton, but, “The V ‘entilation of the | School Room” (1901). He was also a contributor to 


ut 
attention ‘the Dictionary of “Architecture and ‘Building. (ain. pp te 
| Ge sneral _ Mr. Baldwin was elected a Member of the American Society of of Civ: il Engi 


Guion Victor Barril was born in New York, N. on December 2 25, 1879 9. 
aternity 


ig plants” 


“His s paternal grandfather, John Joseph de Barril, ‘came from Madrid when a 
f oung n man, as Spanish Consul to Baltimore, Md., and remained in the United 

States, , where he was well known i in diplomatic and business circles. » His ma- 


‘eral grandfather, William Guion, of the ‘old “Guion Steamship ‘Tine? 


Barril was graduated from St. ‘Francis Xavier er College i in New’ York, in 

rl 

16 Pris 1898, and began his professional career as Rodman, with the City Surveyor of 

more, , remaining in this position approximately | one year, rom 


1899 to 1901 , he served | as Rodman, Transitman, a nd Resident Engineer S 


= 
— 


liminary and location surveys grade reduction for the Baltimore 


a Ih 1901, he held the position of Sinai and Chief of Party on grade 
‘eduction ; surveys for the ‘Southern Railroad Company, and, in 3002, acted 
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4 “iba in New York and vicinity, and from 1910 to 1911, served as Assistant 
Superintendent on -double-track construction for: the New York, Ontario, 


as Chief of of Party « on location surveys | for the J ‘Baltimore and Ohio Rea 
Company. From 1902 to 1904, he was Assistant ‘to the Chief Engineer on 


general construction work for the Northampton Portland Cement Company, 


_and for a few months served as Topographical Draftsman with the Erie Rail- 


aohe On July 19, 1904, Mr. -Barril went to the Isthmus of Panama as a Civil 
Engineer with the Isthmian Canal Commission. : “He was, ‘first. engaged 


general engineering work and, later, was made Charge of Street 


4 Improvement and other municipal work in the City of Panama. _' 


Leaving the Canal Zone i in 1909, Mr. Barril spent one year in priv ate prae- 


and Western Railroad, for the X MacDonald Construction Company of New 
y ork. ‘He devoted the next three years to railway construction work i in Br aril 
Returning to the Panama Canal i in 1 1914, he was associated v with the Engineer 


struction of some important 


In ‘November, 1921, Mr. Barril left the of tt the Canal to 


take charge of the Panama Construction Company, in the Republic of Pa anama. 


Hé served as” Chief Engineer of that Company \ which was engaged on the 


construction | of about 50 km. of highway for the Republic. | While. on this 
_work Mr. Barril showed extreme tact and resourcefulness in “dealing with a 

class of labor unfamiliar with the various phases involved in the construction 


On the completion of the e highway contract, Mr. Barril became a associated 

with the United States Army on the Canal Zone » where he was eng gaged on 


construction projects until his death on April 17, 1924. ‘a 
ad. He was one of the pioneer builders of the Panama Canal, having arrived 


- when the sanitary conditions were appalling and before modern ecieam had 


a first-class highway. 


dealt with the fevers and | other diseases: which ‘are so prevalent in tropical 


- countries. The improvements w hich have been w vrought during the |: ast twenty 


_ years, and have made the Canal Zone a winter: resort visited by mi ny tourists, 


i are an enduring credit to, and | an undeniable anu of, the efficacy 0 of science, 


In August, 1900, ‘Mr. Barril wee married to Miss Virginia. Alexander, of 


_ Winchester, Va. He is survived by his wife, a son, , John” J. Barril, and his 
mother, Mrs. Benton Gauldre- Boilleau, of Washington, D.C. 
ie ‘Hey was an able constructor, a diligent student, and v very thorough in plan- 

«ning § and keeping records. of construction work. He was prominent in 
his _community, a member of the Panama Rotary Club, of the Engineers 


Club of the Canal Zone, of the Knights of Columbus, and of the Society of 


ad 
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ty 5 ‘active ‘member and for many years an officer in the Methodist. Episcopal 


Memoirs.) MEMOIR OF THOMAS PETTUS: BRANCH L 


‘Thomas P Pettus Branch, the see ond son of Franklin 4 Addison and Margaret 
Antonia Branch, was born at Tallahassee, Fla., on May 20, 1864. His father 


and grandfather w were both Methodist ministers, 

After completing his public school education he entered Vanderbilt Sai- 
in September, 1881, and was graduated asa 

_ September, 1885, Mr. Branch assumed “the duties Professor of 
"Mathematics and E in the State Agricultural College at ‘Corvallis, 
Ore., to which position he had been elec ‘ted on recommendation 
- Chancellor Garland of V anderbilt University. At the end of his first year the oa 
“ownership of the ‘institution changed and the entire faculty resigned. Pro- 


- fessor Branch serve ed the Northern Pacific Railroad for the next three years, 


In 1889, he returned to Georgia and te a few months in 


4 ‘Meriwether County. Then, with a college friend, he surveyed and platted 
several: towns in Tennessee, including ‘Harriman. Between 1890 ‘and 1894, 
he was in the service of the Savannah, Americus and Montgomery Railroad 


(now the Seaboard Air Line Railroad) and, as Field Engineer, built twenty 


miles of line between Americus and Sav rannah, Ga. the completion 


R esident Engineer, at Ala., but having fai 


In September, 1894, Professor Branch took. charge of the Shellman, Ga., 
Publie School and served i in that position for one year. 


. oe September, 1895, he became associated with the Georgia School of. 
‘Technology as Adjunct Professor of Mathematics, until his death was in 
ee charge of the Civil Engineering Department. = For many years during this 

he served as Secretary of the Faculty and Registrar. In 1920, the 


eee of Georgia conferred on him the degree of Doctor of Science. or 


eee. - Branch had high ideals and lived a clean Christian life. He was an 


Church. _ Devotion to duty and loyalty to principle were the outstanding traits 
of his character. His long years of service in educational inetitutions devel- 


onal in him a clear: and balanced judgment of human nature, which, combined 


with a kindly and friendly personality, compelled the and 
5 mos the Georgia School of Technology he shares | the credit of having i inau- 


-gurated the Co- Operative Educational Courses, and no member of its Faculty 


deserves n more praise for its growth and influence. Branch’s life was one 
of intensive and unselfish service. His influence on the undergraduates ia 
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‘MEMOIR OF FRED AZDELL BRYAN 
their careers during -eight years that he 
with the Georgia School of Technology is reflected in the admiration with 
w hich his name is 3 held | by all who knew him. He lived and died beloved by all. 
In 1895, he was married to Mary Susie Pharr who died in 1907. In 1909, he 


i Mina Pharr Thweatt who, with a son, Thomas Pharr Buvach. and a 


= 


Dry Branch was elected an Associate Member of the Aondvienn Society of 


ivi Engineers on February 5, 1902, and a Member on May ‘5a 1915. 

a FR Soc. C.. 


iat Fred Azdell Bryan, a _ prominent citizen and o one of the ‘hails: business | 
A men of South Bend, Ind. s , died suddenly, of s septic poisoning, on July 28, 1924. 


record and left a considerable ¢ sphere in the world better for his having lived 


Fred. Azdell Bryan was born i in Mechanicstown, Carroll County, Ohio, on 

December 21, 1867, the son of John and. Anna Azdell Bryan, the latter of. 
~ Columbiana County, Ohio. Oe He attended the common schools and High School | 
‘Wellesville, Ohio. In 188 36, he entered. ‘the ‘Pennsylvania | State College, 
from: which he » w as graduated i in 1890, as a Civil Engineer. — As : a student he 
as diligent, bright, prompt, and his and 


Although he was: but little past middle age, he had achieved a remarkable : 


with his “peers and associates. Friendship was to him above all 


siderations of personal advantage. ‘Unselfishness was outstanding trait 
i 


_ of his beautiful character; and, for such a personality, a a useful and successful 
was to be foretold during his student days. {4 His whole life was ‘sine 
rsonal animosities which men of 

4 affairs so in large business enterprises. 
_ Soon after leaving college, in 1890, Mr. Bryan was engaged as an Assistant 
1 an engineering party with the Pennsylvania Railroad Company. During” 
the next two years he was employed as a ‘Draftsman and Transitman with the 
Denver and Rio Grande Railroad Company. From 1893 to 1896 he was” 
with the Edison General Electric Company, as Engineer and Superintendent 
a Construction in the building of approximately 45 miles of city and inter- 


bridge out the Torrey, then Chi 
Engineer, of the Michigan Central Railroad. 


4 
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onnected About this time (1901) Mr. Charles A. Chapin, owner of the South Bend, . 
ion with | Electric Company, undertook the promotion of an extensive scheme 
‘d by : all. B of hydro-electric power development on the St. Joseph River, to supply energy 


1909, he for « electric lighting, electric railway operation, and general power purposes” 


throughout the river v alley. After searching for an engineer qualified by 
training “experience to take charge’ of ‘this work, ‘selected 


reiety of Mr. Bryan, ‘and made him General Manager of the South Bend Electric Com-- 


| 


Mr. ‘Bryan at once “took charge of the design and construction of two 
4 and hydro- electric plants on the St. Joseph River, costing: -approxi- 
“mately, $1 500 000, followed by the construction of a steam plant, South 
1 a Bend, costing $250 | 000, to take the peak of the load. In addition, he had g 
—& charge of the operation of ‘two hydraulic plants and another steam plant, of a 


similar capacity, already constructed and supplying power to South Bend. 
ic 


business These extensive power developments for the operation of. varied publi 
23, 19: 24, “utilities comprised hydro-electric plants at Twin Branch, Elkhart, Ind, 


narkable- Buchanan and Berrien Springs, Mich., with power distribution e: extending 

ng lived Michigan City, Ind., and St. Joseph and Benton Harbor, Mich., on the 
west, to Ligonier, Ind., on the east—a densely populated and manufacturing 
Dhio, on district. approximating 2 000 sq. miles in area- constituting one 0 of the 

latter of largest electrical utilities of the Middle West. ash 

h School faithfully and successfully did 1] Mr. Bryan prosecute the purposes of 
College, this public utility, enterprise that he remained with it as engineering and 


ident he ‘executive head for twenty- -two years. In 1908 the South Bend Electric Com- 
mchness_ pany became the Indiana and Michigan Electric Company, with } Mr. Bryan 


ASS. 4 as its President. * was through his vision, initiative and executive ability. 


through ‘that: the original plant of the South Bend Electric Company was: expanded 
to cover the additions previously mentioned. 
In 1923 the controlling interest in the Michigan Electric 

Company was § sold to the American Gas and Electric Company. The = 


“organization desired Mr. Bryan to retain the management of the property, 


ng trait 


iecessful 


was sin- 
all 


of largely owing to the condition of his health, he declined. Close appli- 


es cation to the exacting requirements of multitudinous affairs had worn 
sistant him, and he decided to seek relief in travel, with a view of engaging later in a 
During a business that would permit more time for recreation than he had previously - 


he was F Early in 1923, shortly after severing his connection with the Indiana and — 


itendent Michigan Electric Company, Mr. Mrs. Bryan started on an extended 
inter-— tour « of the Orient. They visited Hawaii and J apan and “traveled far into 
interior of China. While in China, Mr. Bryan received a cablegram 
and was offering him an important position as a Consulting Engineer with the Stude- 
xtensive ‘ baker interests, to serve in an advisory capacity with the Harris Trust and 
ene ‘Savings Bank, of. Chicago, Ill. Yb which was financing the Studebaker enter- 
n Chief PMises, consisting of traction, gas, al and water utilities i in Illinois and Mis- 
kW sour, He accepted this offer, and on his return. to the United States i in 1 the 


fall of 1923, became actively engaged in his nev occupatio: mn, with an office 
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ne, more or less regularly, i in ago, 


In his civic. activities Mr. Bryan was hardly distinguished | 
engineering executive achievements. ‘His admirable qualities of 
character, taken with his trained intellect and ; genius is for org anization, made 
“fy: splendid type of public- -spirited citizen. Besides being a Direc tor 
in the Citizens National Bank, of South Bend, he was a member of the Cham- 


ber of Commerce, the South Bend Country, Club, the Knife and Fork Club, 
‘the Indiana and Clubs, a and of the Union and the 


Ww hich gave m much of his Mine: a ctor 
“of. ‘the City Reserve Mission, and was ‘a member of the > First P reshyterian 
i During the World War Mr. Bryan was placed in charge of the ‘Third 
Liberty Loan “Northern and the al: acrity with which his dis- 


triet ; subscribed its s full quota was credited ‘tc to the executive ability and good 


“will which he brought to be ar upon: very pressing indispensable 


Iti is 3 exceptional that the life of of one engaged with a as | many ny business affairs » 
‘oon in which he lived. His 
of the Boy Scout ‘movement won for him not only love and veneration 
of about 80 000, rearing of ‘children. has 
as one of the most serious social problems of the community, and the zeal 
_ which Mr. Bryan put into this work was greatly appreciated and commended. 
‘His efforts in this service, in which he ‘became. so eminent, f “may have be been 
: 4 prompted by recollections of the early : years of his own life, or by the fact 
=f that he himself was childless. He had, by nature, a warm spot in| his heart 
for boys. Iti is ‘said, further, that he was constantly ¢ on the lookout for worthy 
boys: ambitious for an education lacking opportunities to acquire it; 
that, in: many instances, } he found ways: and means to place such young men 
ina position to realize their objective without letting them know their bene- 
4 factor. It is deserving of all commendation that in his will he provided | a 
2 substantial tr trust fund the income from which was designed | to meet the 


oof constantly maintaining four young men in college, the favored | ones to be 


‘| i selected from among worthy boys of South Bend identified with the Boy Scont 
It would have ‘been: incompatible y with Bryan’ success as a public 
utility! dmecutive ‘and leader in social service had he not been a man of a 
= pendent opinions on public questions and policies. _ Although he was habits 
ually frank | and outspoken i in the expression of his views, yet his manner of q 
address v was ; always s so considerate and kindly that he seldom, if ever, offended. — 
_ This can be said notwithstanding that there often fell to him the difficult task = 
of conducting negotiations with State commissions, municipal councils, 
authorities: regarding matters | of franchise rights" ‘or rate adjust- 
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ments. He had a way of presenting his case that lin failed sini con- 


viction. An open manner and conservative habit of ‘statement, a conspicuous 


sense of fair dealing, a "direct ‘method of getting to the point of a question 7 
were characteristic of ‘Mr. Bry yan and a accomplished for the interests that he a 
represented what most men of affairs would not attempt to carry through 


without the e employment of legal talent. His to consider 


pe In his social life, as in! his business career, Mr. Bryan | always held to high 
ideals and his tastes were | cultural. He was ‘married | June 9, 1896, to 
Batelle M. ‘MeVicke r, of Lisbon, Ohio, who > survives him, 


a Mr. ‘Bryan was elected a member of the. American Soe ieee of Civil Engi 


neers on December 1, 1908. | 


‘Diep Marcu 10, 1925. # 


F a John — Hayford, , the son of Hiram and ‘Mildred Hay ford, was wai 


Rouse P oint, on May 19, 1868. ‘His early education was secured, 


“while ; a farm boy, at the small stone schoolhouse not far from the farm. _ raat 
Mr. Hayford was graduated from Cornell University in 1889, with the 


degree of Civil Engineer, and immediately entered the service of the United 
States Coast and Geodetic Survey at W ashington, , as a Computer. In 
+1892, made Assistant Astronomer in charge of field parties th 
International ‘Boundary ‘Commission, laying out the boundary between the 


United States and Mexico, | on which work he was engaged during 1892 20 and- 


On the completion of ‘the Boundary ‘Surve »y, he ‘returned to the Coast and 


Geodetic Survey as Aid, and, later, as Assistant in 1894 and 1895. He then | 
resigned to become | Instructor in Civil Engineering at Cornell 


which position he held. until 1898, when I he again “entered the Coast and 
Geodetic Survey as Expert. Computer. In 1900, he was made Chief of the 


Computing Division, succeeding Mr. Charles A. Schott, and, in ‘gddition, 
appointed Inspector of Geodetic Work. ce In this dual ¢ capacity he ‘se rved the 2 


Nation u ‘until 1909, when he resigned to. become Director of the College of 
Pgineering at Northwestern: University at Evanston, Il. 


“While the regular work of departments of the Survey. 
“over which he supervision, Mr. Hayford found time to ‘conduct many 
original” investigations. His theory of isostasy brought ‘him international 
--‘Teputation, for which. he was ‘awarded, i in 1924, the Victoria Medal of the 


Memoir prepared by H. Burger, Prof. Civ. Eng., Northwestern 
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JOHN FILLMORE HAYFORD 


‘egantansinsave Societ of Great Britain, an honor accorded to only t 


other Americans. “His work with the: transit micrometer and precision level 

revolutionized longitude | determinations and precise Ne ve work, and he was a 


reat factor in the adoption of the U. S. Standard Geodetic which has 


During ‘the that he was his theory isostasy, Mr. Hay- 


ford made computations as to the figure of the earth, and his values of the 

le ngths of the earth’s semi- major ‘and semi-minor axes, together with the ratio 
i a polar flattening, were adopted i in October, 1924, by the International Geodetic 


Geophysical Union, as being the values which best fitted the various 


As an. active member of the Philosophie al Rociety and of the Engineers’ 
Club of Washington, he presented ‘many papers. Mi He was a member of the 
Cosmos Club of that city and took delight in there meeting and 


At Northwestern as in Washington, Professor ford found 
time to do a prodigious | amount of work other than that connected with his 


regular: duties as Director of the College of E wngineering. Especially note able 


wash his work as Research Associate of the Carnegie Institution, studying the 


laws 3 of evaporation, “underlying changes in lake levels” ‘the Great 
and in investigating factors affecting stream flow. 


‘In 1912 , Professor Hayford was ‘selected by the Arbitrator, the 


Justice W hite, to head. the Commission of Engineers to survey the disputed 
boundary between Panama and Costa Rica, and, later, was a member al the 


Commission of Engineers | prey Geologists sent to study the slides a at the 
Pan ma Canal. In 1 1915, he was appointed by ‘the President as a member | of 


ational Advisory for Aeronautics, and during the W orld 

W: ar he was eng gaged with a group of scientists at the U. S. Bureau of Stand- 
in devising instruments or recording airplane performance, 


Professor Hayford was elected a member of the National of 


Liv 


_ Sciences, one of the highest. honors granted to scientists in this country. He 


+ i was also a member of the Ame rican Astronomical ‘Society, American an Asso- 
o 7% ciation for the Advancement of Science, National Rese: arch Council of the 


ox: rican Geophysical Union, Western ‘Society. of Engineers, and the Soe ‘iety 
for the Promotion of Engineering Education. Tn 1918, George W ashington 


him he degre: Doctor 
“University co conferred on t e degree o Doctor of Science. 


Although he was a scientist of the highest: attainment, was probably 


no ‘field in which he took keener delight than in « considering the | problems of 


engineering education. He was honored by being elected the 
fay the Promotion of Engineering Education for 1918- -19. 
As a citizen of the community in which he “passed the fifteen years” 
life, Professor Hay ford was most highly” and. ‘took an active 
He was a member of of the Rotary Club, 
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aly two University Club, Northwestern Chapter of Sigm: a Xi, and the ‘Unitarian 
yn level Church of Evanston, and of the Chaos Club of Chieago, Il. 
2 wasa Professor~ Hayford was” the author of of “Geodetic _ Astronomy”, 
deh has thor of “The Adjustment. of Observations by the Method of Least Squares,” , 
and author of numerous special reports, monograms, and articles dealing with 
Hay- geodetic, geophysi sical, geological, and educational subjects. 
| of the pert More than a “quarter of a century of very intimate association with Pro- 
he ratio fessor Hayford, first as a member of the a iA S. Coast and Geodetic Survey, — 
later, as a member of the Faculty at Northwestern Unive rsity, reves valed 
various the following. char: acteristics to be uppermost in his life: Intense energy of 
body and mind, strict honesty thought and purpose, a hatred 
. | sham and pretense. _ He had ‘the great faculty of making and holding friends ; 
; he seldom entered into anything without giving to it his fullest energies ; : 
he obtained the keenest enjoyment out of life. 
Bi f He was married o on October 11, 1894, to Lucy Stone, of Charlotte, 
of the 
who survives him, with four children, Walter S., Maxwell John B., and 
oP Phyllis Hayford. The ‘latter is a Junior in the College of Engineering at 
Northwestern | University, ‘and the three sons have engineering degrees from 
Professor -Hayford was elected an Associate. Member of the Ame rice ican 7 
notable | Society of Civil Engineers on May 6, 1896, and a Member on April 2, 1907. 
HOFF M. Am. 0c. 


r of the 
1s Olaf Hoff, the son of Martin C. and Gunhild Hoff, was born in Smaalenene, | 


the 


eins Norway, on April 2, 185 9. He received his ele ementary education in the Real- 4 
mber of pi 
World § 4 mnasiumn at Ringerike, Norway, and entered the Polytechnic Institute at 
 Stand- Chr ‘istiania. (now. Oslo), Norway, from which he w as graduated in 1879 with 
he - the degree of Civil Engineer and with the highest honors ever granted by the a 
ry. He filmed 187 9, Mr. Hoff came to the United States, and in the spring of 1880 — 
agg entered the service of the Keystone Bridge Company as Assistant Foreman in 7 
| of the one of the shops ¢ of the Company a at Pittsburgh, Pa. In: a few months he was 

ner transferred to the Drafting-Room, where he was gradually adv anced, eventually _ 
a From 1881 to 1883, he was it in the employ of the Mexican Central Railroad, — 
"first as Bridge Engineer and, later, as Locating Engineer on the Tampico 

Division. 1883 1885 , Mr. Hoff served a Chief En; ineer of the 
to e was en age in consu ing an contractin ractice 
n years: or inneapolis, ‘Minn., a acting, at the same time, as Western Representative 


ofthe Shifler Bridge Company. In 1891, he built a steel railroad bridge across 


Rol _* Memoir prepared by Sverre Dahm, M. Am. Soc. C. et and J. L. Holst, Chf. Engr., Todd, 


Robertson, Todd Eng. Corporation, New York, NM. 
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the Mindiseipp River at Minneapolis. for the Minneapolis and Western Rail: 


—— Company, and devised the method of erecting this bridge without False: 
work. He designed a highway bridge across the Mississippi River at Musee 
tine, Iowa, 2 000° ft. long, with a 400-ft. cantilever span. He also acted as 

Es fonsulting Engineer on several bridges crossing the Mississippi River at St 


Paul, Minn., " and made c competitive designs for | others, such as the Washington 
Bridge across the Harlem River, New York, N. ¥. and two » arch bridges across: 


| River, one at Nicolet Avenue and another at Lake Street, 


siss r at 
wy ‘rom 1901 to 1905, Mr. Hoff served as Engincer of Structures for the New 

@ Wolk Central and Hudson River Railroad Company, in charge of bridges’ and 
buildings, and was identified with the renewal and reconstruction of more than 


1905 to 1908, he was a member of the contracting. firm | of Butler 


 Brothers- -Hoff Company. ‘This: Company, as contractors, built the Michi. 


Central Railway Company’ 's tunnel under the Detroit River between 
“Mich. , and Windsor, Ont., Canada. ‘The Railroad Company’ plans 


-ealled : for a new type of subaqueous tunnel construction, consisting of twin 


teal tubes to be placed in a dredged trenc sh and encased in concrete under 


Mr. Hoff gave all his exceptional inventive. and sound engineering 
talent to the solution | of a suitable design ‘for h ubes ar yractical 
talent: the steel tub and pract 


~ methods for floating and lowering them in place to correct alignment and 


grade, and for an adequate and economical encasement of these tubes with 


“concrete placed i in deep, § swiftly, flowing w water. 


enviable 1 reputation and he 


Vier The type” of subaqueous “under the Detroit River and t the 
methods employed ‘its construction | had proved to be so satisfactory 


_ every: respect that Mr. Hoff secured, , in competition with other tunnel types, | 
the contract for the construction of the four-track tunnel carrying g¢ the Lex- 
Subway under the Harlem River in New York. This: 


tract, awarded the MecMullen- Hoff Company of which he w as a member, 
undertaken in 1912 and satisfactorily completed in 1915. 

He acted as | Chief Consultant to the Cunard Limited, 

7 rm connection ¥ with its proposed steamship terminal in the Port of New York 

and as Consulting Engineer to the New York Central Railroad ‘Company on 

I. Smith Memorial Bridge across the 


Michigan 

Mr. _Hoff’s inventive ‘mind itself subjects. J 


in 
a) invented methods for submarine pile- driving, reinforced conerete piles, grain 


| 
q 
a 
— ad brought him an 
engineering performances had brought h 
vas therefore consulted by 
q 
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tern Rai 
; studious nature kept him fully abreast with the progr ress of his profession, — 

and he possessed the inventiveness combined with: a en analytical 
the sense of faimess required £ for a successful engineer. These qualities” 
acted as 
ver at made fe d ad profession, to 
ver a 
added many more among the through his winning ‘personality, his 

ington 
ges 2 kind helpfulness, ‘and his attention to > other people’ needs. 
ACTOSS 

St 1885, Mr. Hoff was ‘married to Josie Johnson V ea, of Stoughton, Wis. 

str 
a a a He is survived by Mrs. _ Hoff and five children, two | daughters, Mrs. Olga Hoff 

the Nev Fernald and Mrs. Borghild Hoff Lyman, and three sons, Matthew, Olaf, and 


idges an 
and ‘He was a member of the American Society for Testing Mererinds, American 


nore ‘than 


Association for the . Advancement of Science, Engineers’ Club of New York, 
— National Geographic Society, Colony C ‘Club of New York, and Commonwealth 
Hoff was elected a tk \nerican Soc of Civil Engi- 

"betwen “neers on May 6, 1885. 7 is 

of twin ‘MINARD LAFEVER HOLMAN, M. Am. Soe. C. E.* 

hn Henry and Mary Ann (Richards ) 


was born in Oxford County, Me. , on June 15 5, 1852, 
He attended WwW ashington University in St. Louis, Mo.. and» was graduated 


from that institution in 1874 with the degree of Bachelor of Arts. 7 The honor- 7 


t him an sey degree of Master of Arts was conferred on him by his Alma Mater in 1905. e.: * 
and Mr. Holman served as Assistant ‘Engineer in the Office of | the Superin-_ 
ling sub-  tendent of Architecture of the United States Treasury Department for two | 
asd "years after his graduation; and then one year with the firm of Flad and 
and the Pfeifer, Engineers, at St. Louis. g In 1877, he was appointed Assistant Engineer _ 
oe to the late Thomas J. W hitman, M. Am. Soe. C. E., Water Commissioner at 
types, St. Louis, He retained this position ten years and was then appointed 
the ater Commissioner by “Mayor D. R. Francis, serving in this capacity. for 
eon three” terms of each. At time, the Water Commissioner not 
ber, was only: had full charge of the design, construction, and operation of the water- 


‘Sei but was also a member of the Board of Public Improvements, which ; 


charged with ‘the design construction of publie w orks for the 


AY “As Water Mr. Holman rare in 
“TOSS the constr the extension of the water- works at ‘the Chain of Rocks and 


vad Arch the 


$10 000 000. This extension | a new intake located in the channel of 
ts. the Mississippi 3 River at the Chain of Rocks, about seven ‘miles above 1 the 
a a former intake at Bissell’s Point; a tunnel under the river from the intake to 
oP | * Memoir Prepared by Edward Flad, Baxter L. Brown and James C. Travilla, crea 
Se Cc. 
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the pumping station; a ‘new low-service ‘pumping 1g plant having a ac 
— of about 100 000 000 gal. per day; six settling basins with a . combined ‘capacity 
of 180 000 000 gal.; and a brick and concrete conduit from the Chain of Rocks | 


ane Mr. Holman’s “untiring efforts to o reach the c correct solution of the various | 

problems encountered in this work, his honesty of purpose, his: ready r recogni- 
tion of the meritorious work of his | assistants, and his freedom from political — 
influence in the organization of his Department, inspired those \ who ed the 


under him. 1 As a member of the Board of Public Improvements, he upheld the 
traditions whic he enabled this ‘Board t the “public business with 


honesty and fairness. broad knowledge of engineering helped to guide 
the Board in the proper solution of each new engineering problem. % ‘feet Chair- 4 


- man of the Committee on City Lighting, he had charge of the conduit con- 


_ struction for the electric wires, and ‘the preparation of the specifications and 
letting of contracts for the lighting of streets, alleys, and public buildings. — 
rmed regarding engineering developments, espe- 


<a Mr. Holman kept well info 


4 


ally those tending to improve the -water-works, He installed 
triple- expansion n pumping engines down- -draft boilers in the pumping 


A 


‘plants, thereby materially reducing the cost of operation. Under his direction, 

electric cranes were installed in the engine houses and electric drives in the — 


pe the expiration of his third term as Water Commissioner, Mr. ee 


in active practice ill health forced va “He at his home 


aq 

t. Louis, on January 4, 1925, after a prolonged illness. 

Mr. Holman was recognized as an “authority in the field of water- -works- 

ngineering, and was frequently consulted by various cities i in connection with 
Witch 

water- -works problems. He served on the Board of. "Appraisers of Denver, 


ft Colo. i which determined the value of the water system of that city and fixed 
; actively interested in the American Society of Mechanical Engi- 


neers, having served | as Vice-P President in 1894-96 and in 1903- 05, and as 
President in 1908-09. He was also an Honorary Member of the Americ in 

Water W. the Engineers’ Club of St. ‘Louis, having 
served as P President of the latter in 1888 and 1910. 

7 - gow On September 1, 1879, ‘Mr. Holman was married to Margaret I H. Holland, 

St. Louis. widow and three ‘sons, Charles H., Minard , and George 

survive one daughter, Mary Holman, having died in 1918. 


The City of St. denis is indebted to Mr. Holman for twenty-t\ -two years 


| and | general of his honesty, ability, and : 
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Mr. Holman Member of the American Socie ty of Civil Engi- 


neers on April 2, 1884, and sé ser ved as Vice-President of the Society in 1905. 


ipae ‘ity. 
I 


DECEMBER 13, 1 1984. ‘wal 

Joseph. Mayer was born at Schriens, orarlberg, Austria, on February” 11, 


1855. His father, Anton Mayer, a native of Bludeur, Austria, was the owner 
ats a flour mill and bakery and also of a hotel. His mother was Marie Bickel _ 


of Bludeur. Joseph: Mayer was” graduated from ‘the Polytechnicum of 


sand Vi ienna, Austria, in 1880, with the degree of ‘Professor « of Mathematics and 
After coming to the United States, Mr. Mayer was employed in the Chiongo 
‘i of the Delaware Bridge Company, serving for two years as Driftama, 
“and for two years as an Assistant E ngincer. _ Following ¢ a trip to Europe he 
“was with: the Union Bridge Company from September, 1885, to Septe aber, 
96, as Assistant E ngineer in the New Y ork Office from 188: 5 tol 1890; in the 
Buffalo” Office from: 1890 to 1895 ; and as as Chief Engineer in the New. ‘York 


4 


litical 


mping 


_ During this time he made designs, calculations, and estimates for i innumer- 
able bids, ‘mainly for superstructures, and superintended | det tail plans for 
olman - successful bids, among which were those for the following four large cantileve r ro 
tinued bridges: The Kentucky and Indiana ‘Bridge across the ( River at New 
hom Albany, Ind. ‘Bridge Company) ; the Poughkeepsie Bridge across 

the Hudson River; the Kanawha River Bridge in West ‘Virginia; ‘and the 


with From: 1896 to 1908, Mr. practiced as a Consulting Engineer i in 


olman 


across s the at 59th Street, and estimates 
therefor. the U nion Bridge Company. The late Alfred Noble, Past- Presi-_ 


dent, den Soe. we: &.. , had agreed to be its Chief Engineer if the design met — 
with his approval and if the project were successfully financed, but being a 


- member of the - Isthmian ‘Canal Commission, he was unable then to give the 
Study of ‘the design his personal attention. Subsequently, he : spent approxi- 
“mately two weeks in going” over this work, personally re-chec king all Mr. 


Mayer's assumptions and formulas and many of the stresses, He approved 


| of Mr. “Mayer's design and plant 80 reported to the proposed 


financing, but because of inability to ‘secure re the 1 necessary The 
-«bill passed the State Legislature, but was : vetoed | Ae Governor Odell for the 


eeker sated season that it was a 1 Special Bill disguise the form, of a General 
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a — spent much t time for : sev eral months i in refuting the attacks i in various s technical 


¢ OF JOSEPH MAYER 
ve 


ai After the £ failure’ of the Hudson River Bridge project, in May, 1901, Mr. 


‘engaged : as Consulting E ngineer for the Union Bridge Company, 
making plans | and estimates for a proposed suspension bridge for Sydney 


Harbor, Sydney, Australia, both as to substructure and superstructure. This 
design won a prize. Later, under a second competition, Mr. Maye er r (as Con- 


sulting Engineer for the Pennsylvania Steel Company) made another design 
and estimate of of cost for a suspension bridge for Sydney Harbor, but neither 


of these bridges res has been built. 
rtly thereafter te August, 1901), Mr. Mayer made a 


siderable study of the Brooklyn sridge, New York, jointly with E Edwin 
Duryea, Am. Soe, Following the discovery by a man 


across the bridge ‘that seven short suspenders near the middle o 


the north main cable had failed, tie Distr ict Attorney | for New York County, 


the late Eugene Philbin, appointed ‘Mr. Duryea to make an examination of 


the bridge and report on its safety and on the responsibility for its neg lect. 


All traffic was stopped for a day or two while temporary repairs were being 


“made. "After a hasty inspection | of the structure had been made, the District 


to ‘the of Mr. Mager as an Consult- 


stress ‘The. joint ‘report was the District before 


the Grand Jury, which ordered more careful and more frequent i spections 7 
all parts” of the bridge. This report wi was censured severely the Bridge 
Ree tment of N ew w York City a and its friends, a and the Consul ting Engineers — 


periodicals, 1 many of which had published the “report in full. 

ie Subsequently, Mr. Mayer was Consulting Engineer on the construction — 
of the power plant of the Ontario Power Company at “Niagara Fa alls 


~ designed all the bridges and viaducts for the Buffalo and. Susquehanna =a 
Company and was engaged in other miscellaneous engineering work. 


mo a Leaving his consulting work in 1908, Mr. Mayer was Principal Assistant 
iE ‘ngineer of the Quebec Bridge until its completion in Novem ber, 1917. He 


then: retired from active practice and moved to Pasadena, “Calif, where he 
vz ‘made his home, occupying his time in the study of economies and ‘social. science | 


in which he much interested, until his sudden death. 


x _ Mr. Mayer was married in October, 1900, to Miss Catherine Proescher, of 


Calif., ‘and a in Austria, survives him, 


Charles Macdonald, Past- President, Am. Soe. Ez, ‘years. 


of the Union Bridge Company, Mr. Mayer as 


I< can say of his (Mr. Mayer’ s] standing | as” a designer of bridges that — 
- was of the highest order of merit. I ‘cannot call to mind the many plans 
he worked out for us, but I “remember 0 one particular design for which he — 
deserves all the credit, a suspension bridge to cross the Hudson River 
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at 59th Street, New York. It: was accepted by the New Yok and ed — 


Commissioners, but the project failed to’ secure the | necessary capital. 
“The legislation of the Union Bridge Company in its later years made it — 


neces ry to dispense with Mr. Mayer’s services, but I shall always remember 
with pride and gratitude his never failing attention to duty while I had the 


Modjeski, M. Am. Soe. 0. one of the Engineers and Commis- 


sioners who had charge of the reconstruction of the Quebec aoa 7 


“He was as Assistant Engineer in the Montreal office 


‘ame “the fact "that he was a 


unusual mathematici ian as well as an excellent designer. ah Late 


Mr. ‘Mayer was a frequent contributor to the T ransactions of the Society, 


having been the author of six papers and having contributed r many ‘discussions — 
~ which dealt not only with the , subject of bridges, but also with other subjects s 
as “Canals Between the Lakes. and New York”, “The Just ‘Value of 
Monopolies a and the Regulation of the | Prices of Their Products? 7 catenary 
trolley con struction, centrifugal pumps and fans, principles of valuation, ete. 
He was nothing less than a genius in the practical application of higher * 
- mathematics + to bridge design, particularly to the design of suspension bridges. 
Mr. Mayer was elected Member of the American Society of Civil 


CHARLES ‘MILLER M. Am. Soe. C. E.* 


Charles Miller Morse was born in Buffalo, N. Y., on. January 11, 1854. He 
Was the son of David R. . Morse, a financier and mere thant in that ¢ city, who 

for several y years was President of the Erie County Savings Bank. al er 

In 1870, Mr. Morse entered ‘Yale University, intending to 

Ck assic al Course, with a view to a literary career, but he developed a taste for a 

applied s science and studied Mechanical Engineering for t two years. He supple- 


mented his study at Sheffield Scientific School by practical shop training in 


“the puddling mill of the Union Iron ‘Works at Buffalo. 
After leaving Yale, he was employed, i in (1878, on a survey for the Buffalo . 


and Jamestown Railroad, and from 1873 to 1874, was Transitman with the 


a CUS, 8 S. Engineer Corps on work along Lakes Erie and Ontario. In 1876, he went . 


to Dunkirk, where he learned the trade of ‘machinist at the Brooks 
Locomotive Works, and in 1877 and 1878, he served in that capacity in the — 
“shops: of the New York, Lake Eri ie, sai W estern Railroad Company at Buffalo, 

a anda also in the shops of the Lake Shore, and Minhies an Southern Railway Com-- 


we 


Memoir prepared by Warren Hunt, Secretary Emeritus, , Am. Soc. C. E. 
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of Motive Power with E rie “Railroad Company. In the latter 


position, he had charge of the reconstruction of the locomotives of the Com- 


pany from broad gauge to ‘standard gauge, the work having done 


Locomotiv re Shops of ‘The Dickson Manufacturing Company at 

Seranton, P a. From. 1878 to 1881, designed and ‘superintended the 
struction” of railroad” shop equipments for the New York, Lake Erie, and 
Western Railroad Company at Buffalo and at Hornellsville, N. ‘YY. From 1881. 
~ to 1882, he was Superintendent « of the Crown Point Iron Company, at Crewe 
- Point, N. Y., and, in 1882, entered private practice in New York, N.Y. F ong 

1883 to 1888, as New York for several manufac: 


os 1888, he returned to Buffalo where he was s engaged in private practice as 
as Mechanical Engineer and became head of the Buffalo Engineering Company. 
y From 1890 to 1894, he 2 acte cted as representative of Otis Brothers and ‘Company, 
4 of New Y ork, and, subsequently, as representative eon se and Wilcox 
Mr. Morse was City Engineer of Buffalo for seven December 26, 
1901, he was appointed Deputy Engineer ommissioner charge” of the 
Bureau of Engineering of the Department of. Public W orks, ser ving until 


December 31, 1908, and receiv ing much ‘commendation for his honest and effi- 


cient work. _ During his administration, t the overflowed lands in South Buffalo 


reclaimed, and an extensive report on the subject written | by him in 


1903, was” published by the Buffalo Society o of ‘Natural Sci ‘ience in 1908, 
On August | 6, 1907, the ‘United States Government issued to him a 
as | Chief Engineer, and } he. was attached _ the Naval Militia Steamer Hawk 


In December, 1890, Mr. Naa was married to Kathleen Edgar, of Easton, 
Pa. Owing to the ill health of his wife, he bought a small fruit farm in 


4 Mount Dora, Fia., where he spent several winters, meanwhile retaining i” 


_ business connections in Buffalo and New York. - Mrs. Morse died on May 1, 
1916. In 1917, he disposed of his home ‘in Buffalo, and moved to Florida 


ntly. At this time he gave ‘up engineering practice and ae 


orse 1 was ‘married to Miss Mary A. Donohue, 
died at Dora on | June 18, 19: 21, and was buried a at 


‘Sone’ of the American Revolution, the Army ‘gua’ Navy Club 

Cosmos: Club of Washington, D: C. , Engineers Club of New York, Buffalo 

7 a ~ Club, and Columbia Yacht Clu ub, and his genial personality and social had 
-—acteristis endeared him to all with whom he came in contact. 


. a Mr. Morse ‘was elected a Member of the American Society of Civil Engi- 


“neers on January 2, 1895. 
7 > "ia > ene Buffalo Soc. of Natural Science, Vol. VIII (1908), No. 2. 


in, Buffalo Soe. of Natural Science, Vol. VIIT (1908), No. 2. 
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COLEMAN MERIWETHER, Aflliate, Am. Soc. C. E.* 


Coleman Meriwether, the son of Charles Patti (Barbour) 1 


was born in aera Ky... on July 14, 1 1875. He received his early —— 


of Snead and Company Iron Works, at Louisville, as Draftsm: an. In Mare : 


» 


1896, he resigned this nite ‘become Manager ot the Louisville Bri anch 
the Pope Manufacturing Cor pany of Hartford, Conn. - In April, 18 pone 
od the office of the and N ishville Railroad | Company, at Louis 
“iille, as Assistant Ex ngineer, where he remained until, in June, 1900, he became 
Dra aftsman in 1 the office of the Chief Engineer of the Ba itimore and Ohio Rail- 
Ih April, 1 1901, he was appointed Chief Draftsman i in the office of the Chiet 
Engineer of the Southern Railway Company (St. -Louis-Louisville Lines), at 7 
~ Louisville, but in January, 1904, he was made Land and Industrial Agent and 
t to Birmingham, Ala. ‘From January, to September, 1904, he served | 
as Chief Draftsman the Chief Engineer’ office of the St. Louis-San 
Francisco Railway Company, at Cape Girardeau, Mo. , resigning to accept a 


similar position with the ‘Seaboard Air Line Railway Company a at ; Ports- 


About this time, became ‘interested in protecting timber 


piles by using lock- -joint pipe, and developed the s sewer pipe joint known as the 


sing 


Meriwether system of ock- joint pipe 


From April, 1905, “until August, 1917, 
7 he served as President and C Chief E ngineer of the ] Lock Joint Pipe Company 
“of New Y ork, Rf, , and Ampere, N. J. , and from August, 4 1917, to January, 


1919, as Manager o of the Cement Products Bureau of the Portland Cement Asso- 

dation, of Chicago, I ll. From January, 1919, to April, 1920, he was s associated 

with Mr. H. Indianapolis, Ind., in development of high- 


reinforced | water pipe to a a satisfactory conclusion, and. for 
almost a year thereafter he was: interested in the promotion of this. ty pe 
pipe at Louisville. In January, 1921, he organized the Meriw ether Pressure 
Company, of which he was Vice- President ‘and ‘Engineer until his death. 


ils Th his efforts to popularize reinforced concrete } pipe, Mr. Meriwether traveled 
much of and made friends he 


seven pate 


me 
‘Ameri ican Society Testing 


» Products Association, and the Engineering Tneti- 


ho survives . 
was a member of the 
e Institute, Concrete 


the Society. 
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= 
* Memoir prepared from information on file at the Headquarters of — 


a. He was also a member of the Engine eers Club. ‘of 


of the Country Club 2 at Louisv ille, Ky. 


He ‘achieved success in that i lived well, lenient often, ' was loved by many. 
- He left the world better in that his work for civilization endures and has been 
an inspiration to others. memory is revered by many friends’. 


Mr. Meriwether was icin an Affiliate of the American Society of Civi a 


Engineers on February 7,1906. 


WILLARD A ADELBERT SMITH, ‘Affiliate, Am. Soc. j t rap 


on the death of Willard Adelbert Smith, the nation has lost one of its est ; eo 
_ known authorities o: on the history and status of railroad transportation in the — 
Unite ed States. Although he had the traditional age of three score lati 
and 

activity in ing the truth of railroad conditions having been 


- tained to the time of his sudden failure in health, about a year before his death. * 


_ His acquaintance and influence i in the railroad industry were far- reaching. 


He had met railway men in all grades of service and authority, from | divisia 
"operating officials to the highest executives, and was constantly being called 


into their councils. There were few men, outside of those actually 


employed i in ‘railway service, to whom was given the opportunity ‘to know as 


sth... 


° much of the railw: ay industry f from the inside as was the case with Mr. ‘Smith | 


Willard Adelbert. Smith \ was born on a farm le Kenosha, Wis., on ‘Sep 


tember 20, 1849 . Hey was the son of William Harrison and Mehit: abel (Allen) 
Smith, who emigrated Wisconsin from New Hampshire in 1841. His 
-_ pater ral ancestors came from England in 1640, and his mother’ 8 family came 


also from England at an early day and settled in the State of New Y ork. 
His father w: as an Abolitionist whose home was a lata tibia “Under- 


ground Railway”, serving asa hiding place for fugitive slaves. 
Mr. Smith was educated in the common schools’ the high | 
school of. Rockford, Til., and Shurtleff College, at | Upper Alton, Til, from whieh 
he was | ina literary ¢ course, in 1869, ¥ next entered the ‘Law 


from which he was 
Pa raduated in ‘1872. H He was admitted to aie Bar, in the State of Missouri, 


. 


in 1 187 0, and to practice in the United States Courts,’ in 1871 . In later years 
the degrees of A.M. and LL.D. were confe srred on him by Coll 


Concrete Products, November, 1924, 72. 


+ Memoir prepared by W. M. Camp, M. Am. ‘Soe, C. EL A 
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ties, both pr ivate and public, throughout his life, dev eveloped from his e experience — 


cago, je which he ‘retained until | he died. uae “i ‘at the time of hie vie. 


Pree’ 


| his ownership and ‘management of ‘the Railwa; ay Review lacked but a few 
months | of a | full half century. In 1897 the name of the publication was 


changed to the Railway and Engineering Review, and 3 in 1914 it was changed 


back again to the Railway Review. 


ih his charge and direction of the publication of this weekly railway news- 


i 
paper ‘and 1 magazine Mr. Smith was, except during a few. short periods, edito- 7 


OW as 
Smi ith 


he was” 
ssouri, 


‘years, 
lege. 
Smith 


a 
activ 


rial w viter as well as the head ot the business management. " Liberally educated 


and versatile, he early acquired a broad know ledge 2 of the railroad transportation 


development. of the country, in the technique of construction, equipment and 


as well of the fir financial and executive of the prop-— 


erties, th such | an experience he saw railroad mileage of the 


expand from about 55000 to 260 000; and the | progress of Government regu: 
lation of the railroads he had followed, studied and “written of, critically 
and from its birth to the present 1 involved and shifty situation. ny paler 


rn Under the guidance of Willard Smith 1 the attitude o of the ‘Railway | Review — 


on railroad questions independent, “espousing the cause of the railroads _ 
against the many unjust | assaulis of legislative authority, the past, and 


freely criticizing railroad officials for. errors of Management or policy when 


ever that view seemed sufficiently w well supported by the facts. In his editorial 

ideas expressions the man was entirely frank and fearless. The motto 


of f his editorial attitude on all: questions was “ “to think clearly, speak 
plainly, and to “say the th thing that ought to | be said.” His command of Eng- 
lish was excellent, he had ‘the habit of speaking plainly, ¢ and when his thought’ 


“was written down it was so clearly and so courageously expressed that there 
no need for “ ‘interpretation.” Being an: accomplished public speaker his 
Voice, as well as his pen, was often called into service. 


‘Tt was these abilities and qualifications that brought Smith’s 
“Appointment on July 27, , 1891, as Chief 0 of the Department of Transportation 

at the World’s Columbian Exposition, held in Chicago in 1893. broad 
careful canvass. of the views” of railroad executives, by the Exposition | 
“authorities, ¢ as to the logical man for this work decided the matter for Willard 
Smith, and he undertook the work enthusiastically. For a whole year 
he traveled through E urope making arrangements for the foreign exhibits. 
How well he succeeded has become a matter of history. — While his editorial 
ability had g gained for him national reputation, the organization which he 


“developed to display the progress of railroads throughout the 


made him a a man of international renown. Among the outstanding features of a 


7.4 
the re sult were the historic al exhibit of equipment 0 


of the Baltimore and Ohio a . 
rie the exten sive display of track and equipment by the Pennsylva ania 
; 


and the track exhibit of Mr. A. Haarmann, of Germany. 
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— 


on After ‘the Chicago W orld’s Fair, Mr. Smith temporarily lai 
of “the Railway Review to engage in manufacturing. In 1894, 
i‘, 
he became President of the Cloud Steel Truck Company of Chicago, and, ater, 


Vi ice- -President of the National Malleable Castings ‘Company. pied 
oy In 1899, she went to France as Chief of the Department o of | ‘Transportats 


ana Engineering for the American Commission to the Paris Exposition: of 


1900. “His previous travels in Europe ot on exposition business, the acquaint: 
_anceships formed, and his eminent success as head of a department at the 
Chicago Exposition seven years earlier, were experiences that him to 
much adv vantage in his connection with this : foreign Exposition, An inno- 
ration of the American exhibit that had not been anticipated by the French, 
but which | was one of the purposes of Mr. Smith, was the display. of American- 


‘steel cars, placed on the grounds with some difficulty by means 
the River Seine, of hois sting q and of special tre acks. has been 


barges 


aid that exhibit led to the introduction of steel cars on | E Zuropean rail 
ways. On his return from Paris ‘that ; year he again became actively, engaged 
wi ith the Railway Rien, continuing as ‘President, which office he had never 
r relinquished while engaged with ¢ outside enterprises; . and it should not be 
a overlooked that for ‘ many years: he was also the publisher of the Railway 


Master Mechanic and of the “Railway Official List.” 


dere lw the organization n for t the ‘Louisiana Purcha.2 Exposition, in St. Louis, 


» Meyi in 1 1904, » again | he w was sought as | as Chief of the Department of Transport 
tion, and again he accepted the e office. The exhibit was housed in a single 
building covering sixteen acres. It included, as in 1893, the historical railway 

_ exhibit of the Baltimore and Ohio Railroad, and examples: of the heaviest 


+ railway rolling stock 0 ‘of the day, locomotives peepee, but perhaps the most 
‘worthy effort and result of the exhibition of rolling the e dis 
_ play of the latest refinements of design and service. . Notable exhibits of this, 

kind were the numerous designs of modern draft gear; the practical oper ration 
and tests of air-brake equipment for an 80- -car freight train, by the W esting: 
house Air Brake Company; and ‘the locomotive testing plant of the Penn- 
sy lvania Railroad, maintained in continuous operation during several | weeks. 
a The ‘thoroughness: with which this plant was designed and installed within 
short time available, very satisfactory operation as a testing 
won great praise for the motive power ‘officials of the r railroad | and 
for staff of experts who conducted the tests, 
a t was through | the suggestion and strong appeal of Mr. Smith that the 
management of the Pennsylvania Railroad had been led to decide on a 


locomotive testing plant as the distinguishing ioliees of its exhibit, ar and he 


= 
= 


ad was made a member of the Advisory Board which co- -operated with the Rail 


‘Company in ting the important series. of tests that were there 

carried out. The other of this Board were the ‘late Theodore 

Ely, Soc. and J. J: ‘Turner. ' The data and results of these 
tests were published in a ‘separate volume by the Railroad Company. The 


plant was subsequently removed to the | P ennsylvania $ Shops at Altoona, Pa. wale 
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most spectacular feature of the Transportation exhibit—at a an 


gu Perkens the 


“rate so regarded from the popular standpoint—was a 120-ton, Atlantic oe 


locomotive and tender of the “Big Four” Railw ay, mounted on a 70-ft. turn- 


t table. displayed by the Chicago Bridge. and Iron Wo rks. The turn- table was 


The locomotive 


the lower flanges: of the girders 4 ft. clear of the floor. 
‘blocked clear of. the turn- table rails, s ‘so that its wheels could revolve; ; and 
means" of ‘an electric drive both the turn- table and the locomotive drivers 
were kept continually i in motion, the table swinging on its center. gent en ae 
hx remarkable feature of the Transportation ¢ exhibit, not so well appreciated 
at that time but now of historic interest, was a Department of Aeronautics, | _ : 


conducted | under the immediate direction of the late Octave Chanute, Past- -_ 
President, Am. Soc. C0. E. - For this purpose a field of ten acres was fenced | 
off as part of the Exposition Grounds, and gliding experiments were 
ducted at frequent intervals. The motive power was a stationary street- car 
motor geared to ‘a drum carrying 1 000° ft. of light steel ‘cable. In these 
experiments the biplanes would often rise to a height of 60 ft. above ground, - 
- when the cable would be detached. and the pilot would steer the plane around 
“the g grounds and make a Janding. The attendance of | those interested in avia- 
ton was large, including some of the foremost inventors of Fr: rance, — 
Brazil, and other parts of the world, as well as those of the U Jnited States, 

the latter including ‘notably the Wr ight brothers, who not long ‘after this 

At the conclusion of the Exposition, the » Railway R Review, under the direc- | 


tion” of Mr. Smith, , published a volume ¢ covering the r railroad exhibits of the 
he b 


ook contains more than 600 illustrations. 
| of Mr. technical and executive: e abilities 


- organizer of railroad 1 exhibitions, he became t the recipient « of many honors a and 
decorations. He was appointed and served as ‘a Delegate of the State Depart- 


-Inent of the United States Government to the Inter national Railwe ay Congress. 


“which met in Paris, in 1900, and in WwW ashing' ton, in 1905. He was honored with 
‘medals by the Governments | of France, Germany, and Italy, for : services in 


w 
Frame the World’s Columbian Exposition; and was presented with | 


aq 


the famous ransportation, Vase” by the. American exhibitors in 


the Departm nent of , World’s Columbian Exp xposition, as 


testimonial of services as Chief of that He was 


- decorated Chevalier of the Legion of Honor, by France, and, in 1907, pro- 
moted to Officer of the Legion of Honor. He was decorated with the. Royal 
— Order of the Crown by Germany 5 and with the Imperial Order of the fone 


Sun by Japan. Mr. Smith was the last surviving Chief of Department of 


dave 


He had lon been an active member of several villian and engineerin 


associations, including the ‘Master Car Builders’ Association; the Ameri ican 


Railway Master Mechanics Association ; the Western Society of Engineers ; 


the Western, Railway Club; and the Americs an. Society of Railroad Super- 
% Locally, he renee a member of the Union League Club, the Chicago 


the. W orld’s Fair. 
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ste 


Engineers Club, and had been a a Trustee of the University. of Chicago from 


‘months | before his death. ’ For a Jong time he served as ‘ie Shaina of the 


« Press and Extension Committee of that institution. He was a Patron ani 


_ Honorary Curator of the Field Museum of Natural History and, for many 
ay years, a Trustee of the Memorial Baptist Church. 7 He also served as Presi- 


dent of the Chicago Baptist Social Union for two years. 


a _ Mr. Smith was married on May 1, 1872, to Maria C. ] Dickinson, of St. Louis, 


who passed away suddenly about five years before his-d death. He i is 
en: Mrs. © V. Crandall, of Kenilworth, and 


_by ‘three children: 
- Miss Edith and Harold A. Smith, of Highland Park, IIl., the last named J 
becoming President of the Railway Review on the death of his father. eat” ve 


_ til In his private and social life, as. well as in his business career, Mr. Smith 
was widely recognized as a fine type of gentleman. He w: was a man of extraor- 
_ dinary intellectual force and culture, with broad and charitable views; and 
to know him was to admire him. ‘His impulses were humanitarian, and the 
_ serious bent of his nature was educational. He had been a student all his 
_ life, and a constant reader of the best ae talent of his ae 
Schooled by. contact with some of tlie best engineering n minds and methods 
: of the country, and having intimate knowledge of the | progress of the e design 
of railway rolling stock, shop, and other equipment, _ he was not infrequently 
called into consultation for or opinions or advice on engineering enterprises. 
Mr. Smith was elected an Affiliate | of the American Society of Civil Engi- 
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